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Mr. Tuomas. Gentlemen, will the committee please come to order? 
We have with us this morning representatives of the National 
Science Board and the National Science Foundation. We are cer- 
tainly delighted and honored to have so many distinguished gentle- 
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men with us. We have our very able and distinguished friend here yrs 
Dr. Gross. Welcome aboard, Doctor. _ 
the ve 
Dr. Gross. Thank you. i 
Mr. Tuomas. We have with also Dr. Sears, chairman of the con.§ @”° 
; E _ : ’ : but ne 
servation program of Yale University. Doctor, we are delighted We 
and honored to have you with us. nid 
Dr. Sears. Thank you, sir. Dr. 
Mr. Tuomas. Then we have Dr. Stratton, president of the Massa. the 
chusetts Institute of Technology. Where is Dr. Stratton? Yr 
Dr. Srrarron. Here, sir. Mr 
Mr. Tuomas. We are certainly delighted to have you, sir, and we eal 
hope that your time will permit you to come back to see us quite ¥ Dr. 
often. Sek then « 
Then we have Dr. Volwiler, chairman of the board of Abbott the re 
Laboratories. Where is he? Mr 
Dr. Waterman. His train has not gotten in as yet, Mr. Chairman, tater 

I expect him any minute. : 
Mr. Tuomas. Well, we appreciate his making the effort, and J Gent 
know it is an effort. x 
Dr. Gross said he left home early this morning. Dr 
Then, gentlemen, we have with us from the National Science sorry 
Foundation our able friend, Dr. Waterman, who is the Director; } jjke' 
Dr. Bolt, Associate Director of Research; Dr. Harry C. Kelly, an } 95 se: 
oldtimer with us, who is the Associate Director of Educational and getti 
International Activities. Mi 
Where is Dr. Klopsteg? Dr 
Dr. Waterman. He will be in during the day. Boat 
Mr. Tuomas. He is certainly another remarkable individual; is} Fj 
he not? rega. 
Dr. Waterman. He certainly is. Fow 
Mr. Tnomas. He is an exceptional man with outstanding ability. } and 
Then we have Dr. Dees, Assistant Director for Scientific Personnel | peer. 
and Education; Dr. Robertson, Assistant Director for Mathematical, } of t] 
Physical, and Engineering Sciences, and here is one of our big rocks try j 
of Gibraltar, Dr. Revelle, Chairman of the Divisional Committee for ] the : 
Mathematical, Physical, and Engineering Sciences; and Director of } stre 
the Scripps Institution of Oceanography. rapi 






Welcome aboard, Doctor. 

Dr. Reverizx. Thank you. 

Mr. Tromas. Here is one of my fellow Texans, Dr. Reid, also 
of the Scripps Institution of Oceanography. It is nice to have you 
with us, Doctor. We hope Dr. Revelle gets your business in shape 
where both of you can come more often. 
















Then we have Dr. Keller, who is the Mathematical, Physical and 
Engineering Sciences Program Director of the Astronomy program. } whi 
He is running our laboratory out here. whi 

Then we have Dr. John T. Wilson, Assistant Director for Biological } tha: 
and Medical Sciences; Dr. Adkinson, who is head of the Office of } sar 
Science Information Service; Dr. Joyce, head of the Office of Special | pro 
International Programs; Dr. Riecken, head of the Office of Social | the 
Sciences; Mr. Colman, executive assistant to the Director; Dr. Perl- | ind 
man, head of the Office of Special Studies. Dr. Perlman is an old- | wa 
timer with us now. Doctor, welcome aboard. We have not seen | to. 






youin2or3months. You have been hiding from us. 
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Then we have Mr. Luton, Assistant Director for Administration ; 
Mr. Sheppard, Deputy Assistant Director for Administration, and 
ihe very congenial budget officer, Mr. Schoen. Mr. Schoen, you really 
came up with a nice, fine budget. It is one of the best I have ever seen, 
but next year I hope you split it not into three parts, but two. 

We want to have a lot of speeches this morning, and I hope that 
you have at least 8 or 10 speeches for us this morning. 

' Dr. Waterman, you take charge, and you run the show according 
to the way you want to. We are delighted to have you. 

Dr. WarerMAN. Thank you, sir. 

Mr. Yates. Doctor, do you want to make your statement first, or 
would you prefer that the members of the Board make theirs first ? 

Dr. WaterMAN. I thought I would make some general remarks, and 
then call on the members of the Board, and the statement can go into 
the record when we get directly to the budget details. 

Mr. Yares. I think perhaps it might be well for you to make your 
statement at this time. 


GENERAL STATEMENT OF Director, Nationa ScreENcE FounpATION 


Dr. Waterman. Mr. Chairman, first I want to say that we are very 
srry that Dr. Bronk was unable, as you know, to be here. I would 
like to report, however, that the collapse he had is not now regarded 
as serious and he will be around in a few days. It is just a matter of 
getting a little rest. 

Mr. Tuomas. We are sorry to hear about his illness. 

Dr. WarerMAN. In his absence, Dr. Gross, Vice Chairman of the 
Board, of course, will take his place. 

First, Mr. Chairman, I would like to mention a few highlights with 
regard to our program, and to sum up the attitude we have in the 
Foundation which is strongly endorsed by the National Science Board 
and can be taken to be the opinion of thoughtful scientists and engi- 
neers throughout the country who are taking very seriously the role 
of the United States in science and technology. Of course, this coun- 
try is not alone in that, because since the war the other countries of 
the world have realized that not only their defense but their economic 
strengths depend upon science and technology. ‘They have made very 
rapid strides, particularly the very industrial nations, like not only 
Soviet Russia, but Germany, Japan, and China. They have been 
coming along fast. This is a real challenge, and we are concerned 
that this country maintain its leadership and do its duty by the free 
world by the quality of our effort. That is really where we can take 
alead. Not only the National Science Foundation, but the Federal 
Government, is bending every effort to that end. 

Two outstanding items in the public mind are, of course, defense, 
which is all important, and also the country’s effort in space research, 
which is a critical one. But, quite apart from that, our feeling is 
that in order to do right by science and technology it is very neces- 
sary that we support competent basic research people so that the 
progress of science can advance, provide material for engineers in 
their developmental work and provide new ideas for development by 
industry and by Government. This is a must because only in this 
way will we know what is possible for technology to do. If we fail 
to do this, we will not know what the possibilities are. Out of those 
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we should be able to make a good selection of enterprises we have ty 
go into in a big way. That we will have to watch, because these de 
velopments, in contrast with research, cost a lot of money and tha 
is where we need to exercise great care in selection. 

The other side of science and technology, of course, is the educa. 
tional side where it is necessary to program ahead, to be sure that thos 
who have aptitude for science and engineering know this, that the 
have opportunities to go ahead under good instruction and to go x 
far as they can in advanced studies. 

The Foundation’s program, as you know, is designed pretty largely 
to help along those lines and also to provide our scientists and en- 
gineers with what they need in the way of research facilities and 
equipment, 

That is just a general summary of our program point of view. 

The concern which is expressed by scientists and engineers is 4 
genuine one, and can be summarized very briefly for you in thre 
quotations which I would like to make. The first one comes from 
Admiral Burke, Chief of Naval Operations, who made the following 
observations: 

Our country has grown strong in an environment of personal liberty, human 
dignity, and sound moral and spiritual values. Today, however, in our pre 
occupation with fringe benefits, higher pay for less hours of work, two car 
and a motorboat for every family, we run the grave risk of becoming complacent 
in our position of world leadership, and of becoming indifferent to the realitie 
of the hard competition we face from the Soviets. 

The second is from a statement of Mr. Allen Dulles in a hearing 
before a congressional committee as follows: 
























The major thrust of Soviet economic development and its high technological 
skills and resources are directed toward specialized industrial, military, and 
national power goals. A major thrust of our economy is directed into the pro 
duction of the consumer-type goods and services which add little to the sinews 
of our national strength. Hence, neither the size of our respective gross national 
products nor our respective industrial production is a true yardstick of ow 
relative national power positions. 

The uses to which economic resources are directed largely determine the meas 
ure of national power. 


The third is this 
Mr. Yates. That sounds like Galbreath instead of Dulles. 





























Dr. Waterman. The third is really an amazing statement. It} D 
dates back more than 50 years, and was made by Alfred North White — M 
head, the well-known British mathematician and philosopher. This} qua 
is taken from an address he gave to the British Association in 1916; | hav 
it concerns education. othe 

When one considers in its length and in its breadth the importance of this tern 
question of the education of a nation’s young, the broken lives, the defeated | gre: 
hopes, the national failures which result from the frivolous inertia with which it | our 
is treated, it is difficult to restrain within one’s self a savage rage. In the condi- T 
tions of modern life the rule is absolute—the race which does not value trained ‘ 
intelligence is doomed. Not all your heroism, not all your social charm, not all 4 
your wit, not all your victories on land or at sea, can move back the finger of fate. } Ny 
Today we maintain ourselves. Tomorrow science will have moved forward | mu 
yet one more step, and there will be no appeal from the judgment which will then I 
be pronounced on the uneducated. ) 

That is a very strong statement, and yet it stands up over the years | Ru 





with increasing emphasis, and is especially pertinent now. 
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(omPARISON OF Unrrep Srarres AND Russian EpucatTionaL SysTems 


Mr. Tuomas. Doctor, one of the best things that this distinguished 
group can do this mor ning, and one of the best things it can accomplish 
during the day, we will say, is to put in the record and let us go into 
itin some det ail some time before you leave here, an accurate ev aluation 
and comparison between the Russian system of education and ours. 
‘} Particularly with reference to the numbers of high school graduates 
that they are turning out compared to ours, and the number of college 
graduates with B.A., B.S., and up through the doctorates which they 
are turning out per y ear, and compare the quality of the work they are 
doing. 

Iam receiving hundreds of:letters every month from people all over 
the country, : and. my own State, as well as other States. Iam sure that 
the other members of the committee are likewise receiving such corre- 
spondence. A lot of them make the flat statement that we are years 
and years ahead of Russia in all fields of educatitonal activity, and 
that the effort which is proposed in one form, shape, or another by this 
Government and by this country generally is just so much wasted time 
and energy if it is directed toward staying ahead or being ahead of 
Russia. There has been someone who has been very effectively telling 
the American people that it is all a myth as to chen Russia is doing 
in the educational field and that we are years and years and years 
ahead of them; that we have nothing to fear from Russia in the field 
of education, and so forth. 

Now, this group assembled here has some very accurate informa- 
tion on that subject, and it is accurate because it is firsthand. Many 
of you have been to Russia and many of you have seen their system 
in operation and, if not, you have studied reports from Americans 
and others who have studied their system. So, before you leave here 
today, we want someone to address themselves to that subject. 

Mr. Yarrs. Mr. Chairman, may I ask for some supplementary in- 
formation ? 

Mr. Tuomas. Surely. 

Mr. Yares. In his remarks Dr, Waterman pointed out that he 
thought with respect to the competition in which science finds itself 
among the nations of the world today we at least could excel in quality. 

Dr. Waterman. Yes, sir. 

Mr. Yates. I gather "from this you have discarded the question of 
quantity? Iam not sure whether this is true. What I would like to 
have from you is an appraisal of American science in relation to the 
other nations of the world, including the Soviet bloc, of course, in 
terms of whether our position is improving or whether it is retro- 
gressing and what steps you think we should take in order to improve 
our position. 

Dr. Waterman. All right. 

Mr. Ruopes. Mr. Chairman, may I also ask, if it is known with 
any degree of accuracy, that the same treatment be given to the Com- 
munist Chinese as far as their progress is concerned ? 

Mr. Yares. I assumed they were part of the Soviet bloc. 

Mr. Tuomas. Let us make a clear record, first, with regard to 
Russia and then with regard to the Russian bloc, if that, is available, 
as well as the Chinese. ‘The main thing is to have a clear record on 
Russia first. 




















































Mr. Ruopes. Yes. 









Dr. Waterman. Would you like to take that up now, Mr. Chair” yp, 
man ? lar pr 
Mr. Tuomas. Whenever it suits your pleasure. Dr. 
Dr. Waterman. I want to be sure that the Board members ge} yp. 
into the general discussion here. But first I should like to say some 
thing about some of the questions that have been asked. 
Mr. Tuomas. Well, proceed as you think best to bring out the 
kinds of information that we need. Dr. 
isa g 
PROBLEM OF QUALITY IN DEVELOPMENT OF PROGRAMS techn 
Dr. Waterman. To begin with, we have, of course, been aware of at 
the threat that Russia might surpass us in science and technology, They 
We have weighed the problem of quality versus quantity in the de} pede 
velopment of our programs for both education in the sciences and nolog 
support of basic research. We must have quality all the way along dress 
the line—from the schools and colleges through the graduate schools | ment 
Otherwise, quantity—or numbers—has very little meaning. with 
In my opinion, the United States should not attempt to improve its} Ty, 
educational system solely because of the fact that we see competition engi 
arising in the Sino-Soviet bloc. Our own growing national needs in- } jen 
dicate that we should have been doing this all along, for reasons which } nd ; 


are inherent in our own way of life. Nevertheless, in view of what 
is happening in Russia and the satellite countries and in Red China, 
it is apparent that we may be falling behind and that we must take 
firm steps to buttress our own scientific and technological educational 
system. 

Although we have more colleges and universities, the Russians are 
placing relatively more emphasis than we are on scientific and techni- 


cal education. Their scientific and technical labor force is growing ne 
at a greater rate than ours—for that matter faster than for the free f gtiy 
world asa whole. Russia is producing engineers about three times as port 
fast as we are, and at our present rates we will probably not be produe- rese 
ing as many engineers even by 1970 as the Soviet Union is producing 
now. ing 

The picture is not altogether dark, however. Our total number of ail 
scientists and engineers is still larger, by a small margin, than in the 
Soviet Union. In certain areas—particularly at the most advanced] 5, 
degree levels—our rate of production is still higher than theirs. 

There is no reason for complacency, however. To maintain our} Y 
scientific and technological supremacy we must intensify our efforts } era) 
to improve the quality of our education in the sciences at all levels | mai 
and to increase the numbers trained as we are able to. sup 

The most heartening thing that I can report, Mr. Chairman, is the | gtit 
willingness of those in the scientific and educational communities with } me: 
whom we work—students and teachers in the secondary schools, col- | jp | 
lege and university teachers, research scientists, and scientific organi- } hay 
zations—to work toward the same general goal of excellence. We } jn 
need still to improve public understanding of the goals of science and } ere 
of the need for strengthening our educational programs, but even now | fr, 


many communities are willing to cooperate as best they can. We 
are making a good start, and can see positive results. What is needed 
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ig emphasis upon the importance of these steps and, next, how local 
communities can help. 

Mr. Tuomas. Thank you, Dr. Waterman. Proceed with your regu- 
lar program. 

Dr. WATERMAN. You would like me to complete my statement? 

Mr. THomas. Yes. 


STATUS WITH RESPECT TO SCIENCE AND TECHNOLOGY 


Dr. WATERMAN. The main thing I would like to add, Mr. Chairman, 
isa general summary of where we stand with respect to science and 
technology. This can profitably be looked at, I believe, by consider- 
ing three categories: One is the progress of science itself. Now, this 
is a matter which has to be determined by the scientific community. 
They know best where to go and where to get significant results, and 
Federal agencies know what they need by way of science and tech- 
nology. ‘This is a subject which the Federal Government has ad- 
dressed itself to directly, and almost the entire research and develop- 
ment program of the Government is of this character—getting on 
with the progress of science and technology directly. 

The second category is the development of individual scientists and 
engineers. Much that the Federal Government has done here has 
been by fellowships such as our fellowship programs and that of NIH 
and also by way of assistance to individual scientists, especially gradu- 
ate students employed in research grants and contracts where they 
can be supported and provide research training. Then, too, there are 
training grants, particularly by the National Institutes of Health, 
and, as you know, the Foundation supports institutes of many varieties 
for teacher training. All of these help develop the individual. We 
have made a good start in that. 

The third category is to strengthen the development of our research 
and educational institutions. This is a field where we have done rel- 
atively little, and this is getting to be a serious need because by sup- 
porting research in the form of special projects, as we do, we earmark 
research efforts at universities, which then begin to lose their flexibil- 
ity and the well-rounded growth of their departments. This increas- 
ing outside support of research projects puts them in a straitjacket 
with regard to the development of their own institutions. 


PROBLEM OF ASSISTANCE TO UNIVERSITIES AND RESEARCH INSTITUTIONS 


We find now that’ the universities and research institutions in gen- 
eral are embarrassed in two important ways: One is in the payment of 
maintenance and operation costs of work which the Geyernment is 
supporting directly. The other is what can be done to assist the in- 
stitutions to develop their own strength in their own way. Now, I 
mention this because the Foundation is taking steps which can assist 
in both these difficulties. The first is one we have already taken. We 
have looked the situation over carefully and have noted the increases 
in indirect costs faced by universities. Accordingly, we have in- 
creased our indirect cost payments to universities on research grants 
from 15 to 20 percent of the total direct cost. 

_Also, a plan originally recommended by our Government-Univer- 
sity Relationship Committee, a very distinguished one, and endorsed 
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by the National Science Board, permits the university to state ‘oral 
it would prefer to have indirect cost paid as a flat rate such as 20 
cent, or whether they would prefer to have a negotiated rate suc i 
is now done by AEC and the Department of Defense. This latte 
would be probably the fairest method to enable them to cover thos 
costs completely. These two things we have in mind. 
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Mr. Tuomas. What is the limitation on costs with the NIH prof actua 
gram? Isit 15 percent? doing 
Dr. WarerMAN. Fifteen percent at the present time. serio 
Th 

RELATIVE EXCELLENCE OF UNITED STATES AND U.S.S.R. EFFORTS IN SCTENGY much 
Dr. Srrarron. Mr. Chairman, I take it you wish this to be an in- oy 
formal conversation, in which all of us may join. You asked initially port 
a question about the relative merits of the Russian and Americal own] 
systems of education and our relative positions in various fields off No 
science. These are matters upon which the Science Foundation ha} yien 
as much or more information than any other group in the country, jater 
and I should like you to ask Dr. Waterman how he feels about th] Dy 
relative excellence of the Russian and American efforts in science, If ghou 
ask how the quality of American science compares with that of the} grap 
Russians because I suspect that in the matter of quantity, of magni. as N 
tude—that is of our total effort, we are not competing successfully. there 
Accordingly, it has seemed to me that our salvation will lie in ow} TT 
ability to do things better and faster. And what does the Founds gray 
tion feel about our ‘present position, Dr. Waterman ? 7) 
Dr. Waterman. With respect to Russia ? of o 
Dr. Srratron. I think that is the question you put, Mr. Chairman. J in N 
Dr. Waterman. We have had, of course, a great deal of informa: tem: 
tion about this from travelers to Russia, and also from the studies} of o! 


which have been made, and all things considered, as Dr. Stratton Says, 
since our population is not really so large as Russia’s, and cer. 
tainly —— 


Mr. Tromas. It will not be long before it will be. The people over} O 
in the Department of Commerce are pretty good guessers and they say } scie! 
in about 22 or 25 years we will have 350 ‘million people. We ‘have | the 
175 million now, and Russia has only 210 million. So, the gap is not J The 
too far apart now. quit 

Dr. WarermMAN. This depends on their rate, too, of course. We feel} S 
that in this game—the science and _ technology game—it is quality | ago 
that really counts, because this is where you have the skill which al gre: 
lows or determines whether you can take the leadership or not. This } the 
is what really counts. Our evidence at present is that in quality of | cou 
research, judged by the findings we make and the papers we publish, ‘T 
we are really second to none, speaking generally, and the Russians are | Ru: 
very close in many fields. To make a more detailed statement one aly) 
would have to mention spec ‘ific fields. The Russians are especially | ter 
good in polar research. They have paid more attention to that than } wo: 
we have. They are very good in their system: itic seismological and | abi 
geological studies. They are good, but not superior, in astronomy and | the 
mathematics ; in theoretical phy sics they are very good, and our opin | liq 
ion is that they are pretty much on a par with us, probably ; i in ex- | the 
perimental physics we have a very definite edge. Their great weak- | an 
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ness, of course, is in the straight biological sciences where thay have 
heen out of date because of their philosophy with respect to the Ly- 
gnko movement. By and large, speaking generally, the concern is 
not the present quality but the future. Pale we can support our 
search people and their ideas more fully and unless we can make 
sure that those who have aptitude for science and engineering are 
actually trained and not missed—great numbers of them—we are not 
doing our best. And unless we do our best the consequences will be 
serious. 

The opinions of our scientists who have gone to Russia are very 
much that while we can hold our own very well with them now, when 
they look at the very thoroughly trained young people in the field 
coming along who are bright and keen and who are given every op- 
portunity, they are concerned over whether we are doing right by our 
own research people. So, it is the future that, we are really thinking of. 

Now with respect to what Russia is doing about the exchange of 
vientific information among their scientists, that will be discussed 
later, more specifically, but they have a center set up for that purpose. 

Dr. Reve.titn. Mr. Chairman, I might add a couple of footnotes 
about this particular subject. Right now one of the Russian oceano- 
graphic ships is operating off Cape Hatteras and to the north as far 
as New England, making studies of the Gulf Stream. It has been 
there for the past month or so. This is the Michael Lomanosov. 

They also had people in New York at the time of the World Oceano- 
graphic Congress in September. 

They have a ship which is something like four times as big as any 
of ours, with a scientific party of some 65 people. I looked it over 
in New York and it has the most modern equipment and a very sys- 
tematic program. In fact, they attempt to i al all possible types 
of observations in the marine sciences—biological, physical, and chem- 
ical as well as geological—the results are equally comprehensive, and 
of lasting value in terms of the contribution to what one might call 
systematic surveys of the ocean. 

One of the striking things about the ship, as about all Russian 
science, is that they are not, as we are, wasting half the brains of 
the human race by inhibiting women from going into scientific work. 
There are many women scientists on board, and some of them are in 
quite responsible positions. 

Second, at the lIGY meeting in Tokyo which I attended a few years 
ago, there was a group of 10 Chinese scientists, These were men of 
great, sophistication and experience in: seience, totally familiar with 
the mathematical and theoretical foundations of geophysics. They 
could hold their own in discussion with any of the Americans there. 

Third, in space research, we are familiar with the fact that the 
Russians have rocket engines with three or four times the thrust of 
any of ours. This is not due simply to a massive effort, but to a sys- 
tematic development. The Russians siarted with small rockets and 
worked up stepwise, very thoroughly, to big ones, Apparently their 
ability to produce engines of such large thrust depends upon a very 
thorough knowledge of the performance of the rocket fuels, both the 
liquid and the solid. They evidently have much more control over 
their fuels than we have over ours, and can predict their perform- 
ance better. 
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Mr. Osrertac. What do you mean by “control over the fuels”? 

Dr. Revetie. Knowing how the fuel is going to perform and what 
its variability is. They seem to know it better than our people do, 
This is based, obviously, on a broad program of experimentation. 

Mr. Tuomas. May I ask you a question along this line? I have 
known the Chief of the German Naval Operations Division for 10 
years. He is certainly a student. 

Off the record. 

(Discussion off the record.) 


PROGRESS OF U.S.S.R. IN OCEANOGRAPHY 


Mr. Tuomas. What is the quality of their work in your field, Dr, 
Revelle? What have they done? 

Dr. Revetiz. There were over 60 Russian scientists at the Interna- 
tional Oceanographic Congress in New York, a considerably smaller 
number than the number of Americans, naturally, because the meet- 
ing was held in our backyard. They presented about 150 scientific 
papers of varying quality. The best papers were in the field of turbu- 
lence—turbulent flow. Here they had conducted experiments which 
we have been talking about for the past several years, but they have 
done them and done them very well. 

Typical of Russian oceanography is the systematic and long-term 
approach; that is, starting right from scratch to obtain precise and 
wide-range information. 

Dr. WaTerMAN. They have a large number of facilities also which 
go with this. 

Dr. Revette. Of course, this involves many ships. 

Dr. Sears. The chairman is not interested in the amount of work 
they are doing, but the quality of it. 

Dr. Revette. I think our impression would be something like this: 
That in the marine sciences the Russians are not now conducting a 
range of investigations as broad as ours, nor in many respects as 
imaginative programs as the ones being conducted by the British 
and ourselves. But they are building on a, perhaps, much more solid 
foundation both in terms of training and education of their people 
and the numbers of people who are going into this field in their 
systematic and well-planned approach. 

Mr. THomas. Would you say that as of today they are ahead of us 
in the field of oceanography ? 

Dr. Revette. I do not think they are ahead of us at the present 
time. I think we have the same problem here that Dr. Waterman 
has already spoken about: that the thing to worry about is the trend 
and not the present status. 

Mr. Ostrertac. When you speak of oceanography and their studies 
and scientific application, you are embracing the Department of the 
Navy’s effort, and all American efforts? 

Dr. Revetxz. In this connection, sir, I am talking only about their 
scientific studies and not their developmental work. 

Mr. Ostertac. The Department of the Navy is going into scientific 
studies; is it not? 

Dr. Revetxe. I am talking about Russian scientific studies. 

Mr. Osrertac. I am talking about our own Navy. 
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Dr. Revetix. The Navy is supporting a great deal of scientific 
research in the marine sciences. I was not thinking of the actual 
development of antisubmarine warfare instruments which are, of 
course, in the long run based on these scientific studies. The science 
has to stay about 10 years ahead of the actual operations. 

Mr. Tuomas. You are addressing yourself to pure research? 

Dr. Reveiue. Yes, sir. 

Mr. Tuomas. You may proceed, Dr. Waterman. 

Dr. Waterman. On this general subject of oceanography I could 
add that I am sure the committee knows there has been an excellent 
report under the auspices of the National Academy of Sciences— 
National Research Council on what should be done in oceanography 
which has been taken very seriously. We have a part to play in 
carrying it out. ; 

There is a special committee under the Federal Council of Science 
and Technology which is looking at that with great care so that it 
can be determined what each agency is going to do, and how this 
will measure up with the needs, and this is under due process. 

Mr. Tuomas. I notice you transferred some of your money to that 
Council. How does that Council fit in with the National Academy 
of Sciences ? 

Dr. Waterman. We do not support the Federal Council, Mr. 
Chairman. 

Mr. Tuomas. I thought you transferred some of your funds here- 
tofore that you carried in your budget, but which are now carried 
in the budget of the Council. 

Dr. WATERMAN. I do not think the Federal Council has any budget 
other than its administrative expenses. This is under the Executive 
Office of the President, and the agencies do work for it on special 
studies, but they do not transfer funds. They do not operate. They 
are just an advisory committee to the President. 

I am reminded that we had provided funds for a study which 
was made by the Council. I stand corrected, Mr. Chairman. 

Mr. Tuomas. You may proceed. 

Dr. WarerMan. That is all they do—make studies and recom- 
mendations and not operate. 

Mr. Yates. Does the fact that the Russian oceanographic ship that 
is conducting these studies off the coast of Cape Hatteras and sweep- 
ing north on our northeastern coast have any military significance? 

Dr. Reve.xe. It does. 

Mr. Yares. Is this the basis for their studies at this particular time? 
Do we do the same thing off the coast of Russia ? 

Dr. Revetix. We do our best. However, we do not have the ships 
of the size or the capacity that they have. 

Mr. Yares. Is thisa real handicap? Is size a factor in the amount 
of research you can do? 

Dr. Revette. In this particular case it is a handicap. When I say 
it has military significance, I mean this not that they are spying, but 
they are obviously thinking they may want to operate in these waters 
or to know about them. 

Mr. Yates. What is the nature of the survey which they do? Is it 
asurvey of the contour of the ocean floor ? 

Dr. Revetie. They are primarily studying the Gulf Stream. 
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Mr. Yares. Do they also study the contour of the ocean floor? 

Dr. Revetue. I do not know whether they are doing this or not, 
Probably their ship is not getting enough i mation to be very use- 
ful as far as the utilize tion of the sea floor is concerned. 

Mr. Jonas. Have you been invited boat? 

Dr. Revettr. No American oc eanographer has ever been aboard a 
Russian ship. 

Mr. Yates. That is, except in the harbor ? 

Dr. Reveiie. Yes, sir; many times in the harbor, but not at sea, 

Mr. Yates. You said the Russians were building on a more solid 
foundation for the study of the science of oceanogr aphy in the future, 
and you felt that, perhaps, the Americans and the British had a more 
ims iginative program. Do you know whether they are expending as 
gre: ut an effort as we are, or a greater effort than we are, in this science! 

Dr. Revetxe. I believe they are expending a bigger effort. 

Mr. Yates. Do you have anything on which to base that? 

Dr. Reve..e. It is based on the number of Russian marine scientists, 

Mr. Yarrs. Have you been able to gather from the conversations 
you had with the Russian marine scientists that this was just one 
small branch of their total effort ? 

Dr. Revetie. You mean the operations of this particular ship? 

Mr. Yates. The operation of the ship and the fact that they had 65 
members at this convention. 

Dr. Reveitz. We know how many ships they have—how many big 
and little ships they have. 

Mr. Yates. Do we know this as a matter of fact ? 

Dr. Reverie. Yes; they told us. There was nothing secret about it. 

Mr. Yates. In retrospect, my question seems somewhat naive in 
asking you whether or not this sweeping of the Russians along the 
coast had military significance. 

Dr. Reverxe. It has in the sense that the more you know about the 
ocean, the better you can operate a submarine, 

Mr. Yates. I remember in res sponse to cert: ain questions relating to 
space, the President of the United States indicated our sci ientific ex- 
periments had no military significance; apparently he sees a distine- 
tion between the two. 

I wonder whether or not this is true? 

Dr. Revetre. I will not argue about space, Mr. Yates, but T will 
argue about the ocean. 

Mr. Yares. Doctor, do your scientific studies have military sig- 
nificance ? 

Dr. Reverie. As far as the marine sciences are concerned, very 
definitely. 

Mr. Yares. Do you have any opinion about space? 

Dr. Revere. No, sir. 


THE EDUCATION SYSTEMS IN THE UNITED STATES AND THE U.S.S.R. 


Mr. Tuomas. Let us go back to the beginning. Let us go back to 
the high schools and get the numbers and some opinion on the quality; 
then go to the universities and to the numbers of graduates with B.A. 
B.S., and above, and compare them with ours. You have to start 
them out in high school and you have to go to college before you get 
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these outstanding scientists. Let us start at the beginning and get 
some accurate comparative ideas about it. 

Dr. WarerMAN. Yes, sir; we have been studying these problems 
fora number of years, and my staff will be able to provide some up-to- 
date and fairly complete material. Of course, the fact is that Rus- 
sians Who go through what corresponds to our high schools all study 
sience, and they study a lot of it. They take 10 years of mathematics 
for college, if 1 remember correctly; also they take 5 years of physics. 
In the first place, they have a centrally prescribed curriculum over 
there, as compared with our State and locally administered system. 

Mr. Tuomas. I believe the period of time for mathematics is 9 
years in the cities, and 7 years in the rural districts. 

’ Dr. Waterman. Yes, Mr. Thomas. 

Mr. Tuomas. And my information is that they were going to make 
it 9 and 9 last December. Whether they did or not, I do not know. 

Dr. Szars. Mr. Chairman, it may be of some interest to note that 
certain aspects of the Russian situation have very old roots. So far 
aseducation is concerned, it has been a practice since the days of Peter 
the Great for the Imperial Court or the local nobility to select young 
men of talent in the arts or sciences, and see that they get the very best 
education possible. This helps explain the many brilliant achieve- 
ments of Russians in the days before the present regime. Where the 
present regime is hitting the jackpot is in making education generally 
available and thus widening the base of selection for scientific talent. 
It also has the power to route students who lack academic talent into 
useful work so that they do not clutter up the serious business of 
education. 

Mr. Ruopes. Actually, Dr. Waterman, have not the Russians low- 
ered their sights a bit, as far as mass education is concerned, in the last 
few months? 

Dr. Waterman. There have been some reports of that, and they 
have changed their system of decentralization with research institutes 
separate from the universities. They have moved back somewhat to 
put them in universities as we have. Apparently the research insti- 
tute plan is not working so well. There is too great a specialization. 

Mr. Ruopes. I was thinking more of the possibility that they might 
have brought about a manpower shortage in industry or on the farm. 

Dr. Watrrman. As I understand it, low birth rates and the loss of 
men through the war have made it necessary to get youth into the labor 
foree as quickly as possible. This has necessitated postponing or 
denying higher education to a great many of them. 

Mr. Ruopes. And, therefore, they had to lower their sights a bit. 

Dr. Warerman. What is important to realize, I believe, is that the 
Russians who go to high school all study mathematics and science, not 
as specialists, but in a general way; whereas only a fraction of ours do. 

Mr. Yates. How many go to high school ? 

Mr. Txromas. Does anyone have some figures on this subject ? 

Dr. Keriy. Our staff has been collecting material of this kind for 
some time. We now have information about many phases of Russian 
education and can compare it fairly well with information about the 
United States. 

The U.S.S.R. has been releasing a great deal of information recently 
on its scientific and technical work force and its educational system. 
Official information released by the Soviet Government has been sup- 
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which are of some interest. Many of these sources have been used | Alt 
in the material we shall present. I can give you now some very brief | to sch 
summaries of some of the subjects you have requested. catch 

Mr. Tuomas. Go ahead, Dr. Kelly. declin 

Dr. Ketxiy. It might be well to begin with some general comments Mr. 
on overall comparisons. Education in the Soviet Union is completely | questi 
designed for the purposes of the State. For world domination, their | tocol 
Government knows that they need people trained in science, tech. | DT: 
nology, economics, geopolitics, et cetera, and the function of educa. | rough 
tion is to produce the needed servants. The Soviets, in planning | We sti 
the future of their state determine the needs for people in different | eleme 
professions and thereby determine the number of students in each | cate t 
area. In the free world, education is directed toward the develop- about 
ment of the individual. The young people in the Soviet Union | about 
know that a good way out of their low economic and social environ. | Abou 
ment is through education. but o1 

The material rewards of training are real—better food and lodg. | "te : 
ing, for example. Because we already have the physical amenities of all 
the Soviet people are still seeking, the motivations of our young peo- | tude 
ple must not only include material rewards but also the more intangi- | 412 tI 
ble—love of liberty and love of learning. 

Now about numbers. Both countries try to educate their youth 
through the secondary school level. As you mentioned, Mr. Thomas, Mr 
there is a reform underway, and the 7- and 10-year schools eventually littl : 
may be replaced by the new 8-year and 11-year schools. vl : 

Despite the amazing progress of the U.S.S.R. in developing its oa? 
educational system, we are still ahead of the Russians in the educa- "Dr 
tional level of the population as a whole. As I recall, less than 2 , 
percent of their citizens have completed higher education, compared mv 
with about 5 percent in this country. Dr 

COMPARISON OF SCHOOL AND COLLEGE ENROLLMENT _: 

Mr. Tuomas. How do the numbers in school and college compare, grad 
Dr. Kelly? here. 

Dr. Ketxiy. Altogether in our school and college enrollments we 6 tha 
have about 10 million more in school than the Russians have. With } 3, be 
respect to secondary school, we have about 80 to 85 percent of our wide 
youth of high school age in school while the Russians have about one- | °f # 
half of this age group in school. We have 314 million students in | 0! 
our colleges and universities, and the Russians have just over 2 million. scho 
Furthermore, it should be kept in mind that large numbers of the In 
specialized secondary and higher education students in the U.S.S.R. | but 
are enrolled in correspondence and extension courses. thro 

Two other kinds of numbers may be of interest in this connection. Stat 
One of these is the number of schools and colleges; the other is the | te’ 
number of teachers. We have about 145,000 elementary and secondary | 2° 
schools; in the U.S.S.R. there are a great many more—nearly 220,000 colle 
at the precollegiate level. Since we have several million more stu- | °™ 
dents at these levels, the schools in the U.S.S.R. must be smaller, on 


the average. Each country has about the same number of secondary 
schools—roughly 30,000. We have many more colleges and universi- 
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ties than the Russians—about 2,000 for the United States compared 
with 750 for the U.S.S.R. 

Although we presently surpass the Soviets in total numbers going 
to school, we must remember that they are making great efforts to 
catch up. In some of their Republics, for example, they claim a 
decline in illiteracy rate from 85 percent to 15 percent in 40 years. 

Mr. Tuomas. Dr. Kelly, can you be a little more specific on the 
question of how many go to high school, finish high school, and go 
to college for the two countries? 

Dr. Ketiy. I can give a rough indication of it. This is a very 
rough comparison, since our information is not precise. However, if 
we start with a given number of students—say 100—entering the 
dlementary schools of the two countries, the United States will edu- 
cate twice as many through the secondary level as the U.S.S.R.— 
about 60 of our students will finish secondary school compared with 
about 30 in Russia. At this point, there is a big difference also. 
About 30 of the 100 students in the United States will enter college, 
but only 10 will go on in Russia. About 15 of our students will grad- 
uate from college, compared with 7 in the U.S.S.R. Most important 
of all, in this connection, however, is that only 3 of our original 100 
students will have trained as scientists or engineers—compared with 
4in the comparable group in the Soviet Union. 


COMPARISON OF SCIENTIFIC STUDIES 


Mr. Tuomas. One other thing in this connection, Dr. Kelly. A 
little while ago we mentioned the fact that children in Russian 
schools study more science than they do in the United States. Do 
you have some more specific information on this question ? 

Dr. Ketuy. Yes, sir. I can give you some general information 
now. 

Mr. Tuomas. Go ahead, Dr. Kelly. 

Dr. Ketxy. It is true that Russian students study more science in 
the elementary and secondary schools. For example, in Russia, sci- 
ence is a separate subject beginning in grade 4, compared with about 
grade 7 in ti 5. junior high schools. Of course, there are exceptions 
here. In Russia, the fundamentals of physics are taught from grades 
6 through 10. Instruction in chemistry starts in grade 7 and biology 
is begun in grades 5 and 6. In the United States general science is 
widely taught in grades 8 and 9, and typically only a single year 
of any science—biology, chemistry, or physics—will be offered in the 
secondary school. There are also some exceptions here, and most 
schools are beginning to expand their science offerings. 

In both countries arithmetic is taught through the elementary level, 
but in the U.S.S.R. algebra and geometry are taught in grades 6 
through 10 and trigonometry in grades 9 and 10. In the United 
States mathematics instruction usually does not extend at all beyond 
intermediate algebra, solid geometry, and trigonometry—and then 
not for all students but mostly for those who are planning to go to 
college. Many other secondary school students study business and 
commercial arithmetic instead of formal mathematics. About one- 
quarter of our high school graduates will have studied physics and 
less than 10 percent will have had solid geometry and trigonometry. 
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There is a great deal of interest in the problem of the amount and 
kinds of science and mathematics that our schools should offer and 
significant changes—pointed in the direction of improving and ex- 
panding science offerings—are on the way. 

Mr. Tuomas. Thank you, Dr. Kelly. This helps to clarify the 
picture, but it doesn’t look too encouraging, does it ? 

Dr. Waterman. I might sum it up this way, so far. The Russians 
are making a tremendous effort to improve their educational system, 
especially in sciences and technology. And apparently they are hav- 
ing a great deal of success. They are working more seriously than 
we are to improve the education ‘of their youth, Their motivations 
are different in many respects; their philosophy is different; and in 
many ways their needs are different. But we should not discount 
= progress that they are making. The big difference is that they 

‘an plan and direct their whole effort from a central authority. Our 
effort is based on freedom from central planning and depends on 
the understanding and cooperation of everyone concerned with the 
process. We believe that our way is best for the long run—but it 
means that individual persons and groups involved in policy and ad- 
ministration must take greater responsibility. 

Mr. Troomas. That is a good statement of our two positions, Dr. 
Waterman. We need all the information on this topic that we can 
get. Will you have some material to submit for the record on the 
comparison of the two educational systems, and the amount of science 
that is studied ? 

Dr. Ketuty. Yes, sir. We are working on material of this kind 
now. 

(The information requested follows :) 


A SUMMARY VIEW OF THE EDUCATIONAL SYSTEMS 


While there are several points of similarity in the educational systems of 
the United States and the U.S.8.R., the casual observer of the educational scene 
is more likely to be impressed by important differences. These have developed 
from the different political, social, and economic institutions of the two coun- 
tries. Primarily, they emerge from the differing philosophies of the relation- 
ship between the State and the individual citizen. In the United States, all 
levels of government are considered to exist to serve the individual citizen. 
The Soviet State holds that the individual exists to promote the collective good 
as made manifest through the Government. While this brief comparison over- 
simplifies the basie differences, it is from these opposed concepts that many 
educational differences arise. 

The U.S. educational system is diversified, and yet it generally has a standard 
pattern of 12 years of elementary and secondary school. There is general ac 
ceptance of the comprehensive high school concept, although vocational second- 
ary schools are numerous in the larger cities. 

The U.S.S.R. educational system is still in a developing stage. An educational 
reform now underway will result in substantial change in the secondary schools 
and higher education levels. Curriculum and texthooks are standardized by 
central authority. The general education 7- and 10-year schools will eventually 
be succeeded by the 8- and 11-year schools. Great emphasis is placed upon 
specialized vocational training at the secondary school level. Correspondence 
and extension courses enroll a large proportion of the specialized secondary 
and higher education students. The accompanying chart shows some of the more 
obvious differences in the two school systems. 

The student spends about the same amount of time in elementary and second- 
ary school in both countries. However, in the U.S.S.R. he starts in elementary 
school at age 7 and completes secondary school after 10 years of 6 days a week 
attendance. The typical pattern in the United States is entry into elementary 
school at age 6, and 12 years until completion of high school with 5 days a week 
attendance. Length of the school year is approximately the same. 





53775 O -60 (Face p 16) 





nd 
nd 


pX- 


ins 
m, 
LV- 
an 
ns 


nt 
ey 
ur 
on 
he 

it 
d- 


Dr. 
An 
he 
ce 


rd 


of 
ne 
ed 
n- 
n- 
ull 
n. 
od 


p 16) 


53775 O -60 (Face 






Higher Education 


UNITED STATES Y 


~ a 
oc 
o 


Postdoctoral Study 


Mbit namnaeks 


| Unspecified 







Groduote 
Education 


























2 hee 










3 Yeor 

Senior High 

School 4 Yeor 

(2,500) High School 13,600+ 
6 Yeor (4,300) 








Junior- Senior a 
High School 
(4,300) p 

3 Yeor 2 

Junior High 

School 

(2,500) 





Elementary School 6 or G Yeors 
(27,000) 


Elementary School $$$ —_— Secondary School 


Kindergarten (1,800) 


Nursery school 


/ Enroliment dato where available are shown in the oporopricte school system; 
estimated in thousands for yeor (959-60 


THE U.S. AND U.S.S.R. EDUCATIONAL 


= 3 

8 a $6 | &- S ——— 
re) ° 

=| 38/ 8 | 3 23 

= = a= — eo | 

$ Sz ss az é 3,100 

= Es es s2 © | 

‘ eo 33 a) 85 

2 ea FO 5a 38 sci 

5 






















UNION OF SC 
PRE-REFORM STRUCTURE 


2 
3 
= 































® | 
eS | 
o> | 
32 Advanced degree training 
Bel Reseorch 
e £| (23) 
o | 
> a 
o | c 
=| : Bo oe 
o 3 
7-2 Higher educational 
T § 5 —_ establishments - 
< | 3° (4-6 yeors) | 
° o> 
3+ a oS (2,180) Industria! managerial 
S| s = $ z ond party schools and 
3 2 Fe Se - ocademies 
37 see a =§ ess (2-4 year) 
> +g = 2 £ = 
x YOu ' 2 2% 
oT — 5 © =< > 
5 $ é egs6 
a = s 
3 i geer 33 
S - a” 5° 
« r s = > Labor reserve 
_| foes 58 20 technical schools 
T 3 aoa 3 (10-year school 
=s aduainadana graduates) (2-year) 


leoal | 


10 Secondary semi- 
professional schools 
| (technicums)- 
| Regular (accepting 


Complete secondary 
or 10 yeor school 
















|| 7-year graduates) (grades 1-10) 

3 12-4 yoor) (16,100) Labor reserve trode 
—— school and factory 

7 (0.5-2year) 

1 2 -. iniailiiemaiaaal Incomplete secondary 
6 or 7-year school 

rades |-7 
aloes ) ___. Labor reserve draft 

5 


Pee eB eB eee eae ee eee es Seca eeaeeanaaee 


4 
3 Primary or 4-year 

} seni Ta hatliniieas school ae 
2 (grodes |-4) 


Nursery School 
(2,358) 


Day Nurseries 


Yenrotiment dota where ovoailabie ore shown in the appropriate school system; estimoted in thouso 


























CATIONAL SYSTEMS-A COMPARISON 


UNION OF SOVIET SOCIALIST REPUBLICS ~ 
POST-REFORM STRUCTURE 





























































Age | Grade Age 
; \ f~—— a a tla tN ff ay | | 
| | | Advanced degree training - Research | 
lst | ed : 
2) 3] = 
i old o 
|ee4tr lalhhhehetih AE eerepeeees @ 
a | | | a 
é | | = Higher educotionol —-—4 | 2 
a ad 8 = ee establishments - Post cea ceaersea niga >] 
| | > employment access | | | 
| 23 | me: ” | (4-6 yeor) si = | | 23) 
el e. 2 = 13/3] | 
——$$—_____—— <a —T T - 2 es dee ] Industrial, — 
22) | © so el o | | | 
— et ea E | 2. Engineering, agriculture ~isi gi | monagena! ond 22 
—1 Industria! managerial | +—+$H4 $s a 1 =. shots cesennnie Siéeéelo } party schools | aad 
| ond portyschooisand | |, | 9) | Es s 7 2s | = 5; |= ond academies 
}2i; 5] |es f sc pedagogical , ort | en gis| | oy | 
academies © co: ] so2> (4-5 ) is} & 2 (2-4 
(2- t + °$ _ “cos yeor | = o ° yeor ) tw 
2-4 year ) & 9g © c c © neenenininal 
| 20 | > —. | a a > 5s 5 3 
lz| zg 2 aa esto 20 
i = | i $ 
—___— —+st se - Secondary | S28a eee Aa 
lio] S| | 82 aeni—pse 5385 
|! 3| |£= (hee = 19 
E Ba _i$ “as 
—} + £1 ae ve At bbb ddhhbhhibt i hhhhhiphh ight cinahaiil 
Labor reserve | 18 | & | 2-4 yeor) / ig 
technical schools Es ‘ 
1 ie leh Wa hh Wh eh eh hh Ok Sak ok ek el - 
(10-year school T 7 7 -4 Secondary eeesere =| 
groduotes) (2-year) 7) i] es ; I7 
: | | professiona 
Sr |? } Secondary Labor - poly — | | Rural and urbon 
| schools technical or 3 year genero | vocational | 
Sapaee secondary schoo! sat ahaa | | eee school | 6 
your 4 (Grodes 9-11) | ere i ~3 year) i 4 
| (Grades 9- | 
) pairnets 2 
| 
ye eneeeececcane | See eee ee 
Labor reserve trode Selection 
school and factory Complete 
—7 r ae | 
Secondary | 
incomplete secondary 13 
Lobor | 
= nie labor -polytechnical | | 
polytechnicol | or 8 yeor schoo! | t 
or | 
| year school (Grades I-8) l2 
( grades I-11) | | 





[Peemewemwwewwmmm 0 .°°£,°,;°;,¢, Fe ee ee ee ee ce ~~ — — 4aweeeeeeeeeseeaesscass 


Rural primary | 9 

: or 4-yeor | a 
' school | 

y (Grades |-4) | 8 








boarding 8 or |! year school (grades |-6 or |!) 


General or special purpose 








SYMBOLS 





Nursery school | 5 | 





Indicates the origin of the applicants Unified preschool 


| 

| 

' 

| 

Empioyment required prior admission child core | 
| 

| 


ies 
| 


No further occess except through establishments 


cnnnnnnnnnets — suDpiemental secondary education } 
Sag ai as rT sie ge Sm 
—__._- Acceptances on the basis of | ' 7 | | 
= competitive entrance requirements ; Day Nurseries | \-2 
Resececs aoe. 








SCNOO! system t ‘ 
y i estimated in thousands for year 1958 -'59. information on USSR supolied by Mr Nicholas De Witt trom forthcoming revision (1960) of "Soviet Professional Manpower ” 





Bot! 
school 
years 
age g) 
States 
in scl 
indice 
educa 
popul 
in the 

At 
more 
instit 
levels 
will 


ance 
instit 
instit 

In 
supp 
726 | 
a rel 
to th 
dent 
sude. 
the | 
norn 
Higt 
stud 

Hi 
cine. 
of tt 
Enre 

In 
elem 
in t 
rent 
The 
enr¢ 


enr< 
(31 


Hig 


Ele 


att 


17 


Both countries strive to educate their populations through the secondary 
school levels. In the U.S.S.R., an indicated 97 percent of the population 12-14 
years of age are enrolled in school, but only about one half of the 15-17 years of 
age group, if we include correspondence and extension courses. In the United 
States, about 82 percent of the high school age group (14-17 years) are enrolled 
in school. The relative youth of the Soviet Union’s mass education efforts is 
indicated by the estimated 1.8 percent of its population with completed higher 
education in contrast with an estimated 4.9 percent college graduates in the U.S. 
population. A total of 46 million are enrolled at all levels of formal education 
in the United States, and 36 million in the U.S.S.R. 

At the higher educational level, differences in the two countries become even 
more pronounced. In the United States, students have a choice of some 2,000 
institutions, both public and private, which offer a wide variety of courses and 
levels of instruction, The student is free to select the institutions at which he 
will apply for admission in accordance with his own interests, his assessment 
of his capabilities, and his vocational choice. After completion of training, 
he is free to follow his own vocational goals. He and his family have typically 
borne most of the expenses of attendance at college, though the costs of attend- 
ance are in a sense subsidized through State support (in publicly supported 
institutions) or through endowment and other income in the case of private 
institutions. 

In the U.S.S.R,, there are 766 institutions of higher education (ail State 
supported). These institutions include the universities (40 in number) and the 
726 polytechnical and specialized institutes; each category of institution offers 
a relatively standardized curriculum and enrolls students in specific subjects and 
to the extent determined to be required to meet the needs of the state. The stu- 
dent may apply only to a single department at a single institution. Increasingly, 
sudents may apply only after more or less extended employment experience in 
the civilian economy. Upon completion of 2 to 6 years of training, he will 
normally be assigned to his first job in accordance with the needs of the state. 
Higher education is a state function without tuition cost to the student; typically, 
students receive stipends sufficient to defray all their costs. 

Higher education in the U.S.S.R. emphasizes engineering, science, and medi- 
cine, and most of the diplomas are granted in these fields. Less than a quarter 
of the baccalaureates awarded in the United States are earned in these fields. 


Enrollments, teachers, and schools in the United States educational system 


In the United States, three levels of education are generally recognized— 
elementary, secondary, and higher—although many would add a fourth division 
in the latter level—graduate. Altogether, some 46 million students are cur- 
rently enrolled in some one of the various types of educational institutions. 
The largest number is, of course, at the elementary level with nearly 30 million 
enrolled as shown in the following tabulation. Nearly 13 million students are 
enrolled in secondary schools, and 3.4 million in institutions of higher education 
(316,000 of the latter are in graduate study). 


Enrollments by education level, 1959-60—United States 
Level Enrollment 


46, 102, 000 


Higher education 


Undergraduate 
Graduate 


Elementary and secondary 


Elementary 
Secondary 


Source: U.S. Office of Education. 


Generally speaking, it is an aim of the U.S. educational system to provide at 
least a secondary education for all persons and to provide opportunity for as 
many qualified persons as possible to complete higher education. The numbers 
of persons enrolled at all levels of education have been moving upward over 
the past several decades. The results of this trend are indicated in educational 
attainment data for the U.S. population. In March 1959, 8.3 million persons had 
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completed 4 or more years of college and another 10 million had completed 
1 to 3 years of college. In addition, over 32 million persons have completed 
high school and another 27 million have completed 1 to 3 years of high school. 

Since elementary and secondary curriculums are developed by the State 
and local educational authorities, the extent of science and mathematics ip. 
struction varies. Two generalizations may be made as to the extent of science and 
mathematics enrollments: (1) More than two-thirds of all high school gradu. 
ates have had at least one science and one mathematics course; (2) since the 
advanced courses tend to be more sequential in nature, probably no more than 
a quarter or so of all students have 3 or 4 years of science and 3 or 4 years 
of mathematics. Three or four years of both science and mathemtics at the 
secondary school level are usually considered desirable if a student plans to 
enter college and major in a science or engineering field. Considerably less than 
a quarter of all high school graduates have the option therefore, at the time 
of graduation from high school, of considering a professional career in science 
as a realistic possibility. 

At the college and university level, students enroll in science and engineering 
courses to satisfy a wide variety of needs. These include the vocationally 
oriented training of the engineering student, basic science courses for pre 
medical students, specialized courses for the prospective graduate student, and 
the general cultural interest of the humanities student. Engineering enroll- 
ments are probably a fair measure of the number of students currently taking 
courses in these subjects. No comparable figures exist for the numbers of stu- 
dents enrolled in science courses, which can only be partially accounted for by the 
number of bachelor degrees awarded in science subjects. In the fall of 1959, 
engineering enrollments at the undergraduate level totaled 243,000, or 8 percent 
of all enrollments. Baccalaureate degrees in mathematics and science totaled 
about 42,000, or 11 percent of all such degrees in 1958. 

Another way of describing the U.S. educational system is in terms of the 
number of schools. At the elementary and secondary levels nearly all schools 
are publicly controlled, mainly by local governmental jurisdictions. At the 
higher educational level, there is a greater proportion of privately controlled 
institutions: the private colleges and universities enroll somewhat less than 
half of all college students. At this level, the publicly controlled institutions 
are under the jurisdiction of States, counties, or cities; very few schools are 
federally controlled.2. The following tabulation gives the number of educational 
institutions at the various levels in the United States. However, the number 
of schools at the elementary and secondary level is perhaps overestimated in 
view of the continuing trend toward consolidation. 


Number of schools, 1959-60—United States 

Level Number of schools 
a cal ernie cee gies ies ink aaaaiaaonaiet 
Ia NR I oe se epee aaa nin keane 
Elementary and secondary 


Elementary 


a dain ie cri ae ew as Ns ts YE 30, 000 


Nearly 2 million persons are engaged in teaching in the Nation’s schools as 


shown in the following tabulation. At the elementary and secondary level, the 
teachers are primarily full-time employed professionals. At the higher educa- 
tional level the figure of 244,000 full-time professional teachers does not include 
several thousands of additional persons who assist in the instruction process 
in our colleges and universities on a part-time basis. 


1 Exceptions include the military service academies and the limited control exercised 
over Howard University and Gallaudet College. 
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CURRENT ENROLLMENTS IN FORMAL EDUCATIONAL SYSTEMS 
U.S. and U.S.S.R. 


Millions of Students 
50 


Graduate School (0.3) 


Advanced Degree 
Troining-Research (0.023) 


~ Higher Educotion (2.2): 


YVocationa 
SSS Reserve Scnookst09) 


Elementary Schoo! 
6 or 8 Years (27.0) 


* 


Incompiete Secondary 
or 7 Year School (8.9) 


* 


4S f 


Primary or 4 Year School (4.5 


U.S. (1959-60 estimated) U.S.S.R. (1958-59) 
Soviet Sources 


U.S. Office of Education 


Number of teachers in the United States 
Level Number of teachers 


Total 1, 810, 000 


Higher education 244, 000 
Elementary and secondary 1, 566, 000 


Elementary 980, 000 
Secondary 586,000 
Enrollments, teachers, and schools in the U.S.S.R. 
In the Soviet Union, there are at least two different educational systems which 
compare with the U.S. elementary and secondary levels—the 7- and 10-year 
schools of general education. However, at the outset, it should be noted that 
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the U.S.S.R. is in the midst of an educational reform which in general extends the 
length and amount of education at these beginning levels. For the most part, 
the following discussion is confined to present or prereform practices as reported 
in Soviet sources. 

Beyond or in addition to the general education schools are three other types 
of formal education: Vocational and labor reserve schools, and schools for 
training in plants and factories; tekhnikums and other specialized institutions: 
and higher educational institutions. The chart showing these various levels of 
schooling indicates the paths of progression through which students pass. 

The total number of students enrolled at all levels in formal educational 
institutions is more than 36 million as shown in table 1. This is about 18 per. 
cent of the total population in 1959. (The Soviet Union indicates that in addi- 
tion many persons are undergoing less formal training in various types of 
specialized courses and that over 50 million persons are in training.) About 32 
million are in the general education schools, mainly 7- and 10-year schools. 
Nearly 2 million are enrolled in specialized secondary schools including the 
technicians, and over 2 million in higher education. At both of these latter two 
levels of training, the number of students who work full time or who are enrolled 
in correspondence or evening courses is significant. Nearly 850,000 (46 percent) 
of the 2.2 million students in higher education and 750,000 (40 percent) of the 
1.9 million students in specialized secondary schools are taking correspondence 
or evening courses. In the same vein, nearly half of the higher education 
students and two-fifths of the specialized secondary students are reported as 
employed full time. 

Another measure of the Soviet emphasis is shown in a comparison of school 
enrollments with specific age groups. Though, as in the United States, these 
age groups do not always correspond with specific class levels, the comparison 
is still valid. A comparison of enrollments in grades 5-7 to the corresponding 
population age 12-14 indicates an enrollment ratio of over 95 percent. However, 
the enrollment of 3.4 million in grades 8-10 is only about one-half of the popv- 
lation of ages 15-17. With respect to higher education, the following ratios of 
educational attainment are pertinent; as of 1959, an estimated 1.8 percent of 
the total population had completed higher education and 28.1 percent had 
completed the 7-year secondary school. About 6.8 percent had completed the 
10-year school or an equivalent tekhnikum training. 


TABLE 1.—Total enrollment in all schools, 1958-59, U.S.S.R. 


School year 1958-59 
Total enrollment 36, 442, 000 


In general education schools of all types__-_- 


Includes those in— 
Primary, 7-year, and 10-year schools 29, 567,000 
Workers’ schools, schools for peasant youth, and schools 
for adults 1, 916, 000 


Vocational schools, labor reserve schools, and schools which provide 
training in factories and plants___ 904, 000 

Tekhnikums and other secondary specialized educational institutions 

(includes those taking correspondence courses* and extension 
1, 876, 000 


2, 179, 000 


1The majority of those taking correspondence and extension courses are correspondence 
course students. 


Another measure of the Soviet education system is the number of schools 
and students enrolled at the various levels. The table below gives the numbers 
of general education schools as of 1958-59. By far the largest number serves 
the primary grades and a sizable number are for the 7-year and 10-year 
enrollments. 
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Number of general education schools, 1958-59, U.S.8S.R. 


Type of school Number of schools 
Total 


Primary (grades 1-4) 

7 year (grades 1-7) 

10 year (grades 1-10) 

Other * 

Schools for workers, peasant youth, and adults__.__._.._._.-__---... 15, 300 


1 Schools for retarded and physically handicapped children. 


The large number of schools when compared with enrollments indicates that 
many must be small and most of these are probably in rural areas. In fact, 
other data indicate that more than half of all students in the general educa- 
tion schools are in rural areas. As of 1959 there were 3,346 tekhnikums and 
other specialized secondary institutions. This is a slight drop from the previous 
year which may indicate a trend toward consolidation of smaller schools. In 
the same year, the Soviet Union had 766 higher education institutions which 
range from 6-year medical institutes to 2-year teacher-training institutes. This 
total included correspondence course institutions—which (as mentioned above) 
enrolled nearly half of all higher education students—as well as the 40 major 
universities of the U.S.S.R. 

Altogether there are 1.9 million teachers employed in the general education 
schools, including nearly 200,000 part-time teachers. The level of qualification 
and training of these teachers varies considerably as shown by the following 
tabulation of training received by the more than 1.7 million full-time teachers 
in the primary and secondary system. 


Teachers 
Type of training received Seite 


Number Percent 


1, 758, 000 100.0 


Higher education : Satan ts 508, 062 28. § 
DONC MNUIIAIOR. «oo cecsucceece : coe : 406, 098 | 23. 
EB ae ee ee za nove ‘ 815, 712 


Those with pedagogical train lie uN ha aid a 726, 054 
Those without pedagogical training__._..---- Saal teresa 89, 658 


Less than secondary-....-.---------- 28, 128 





Seventy percent of all teachers in the general education schools are female; 
nearly 90 percent of the teachers in the primary grades are women. 
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An illustration of the types of teachers engaged and training provided in 
Soviet secondary schools is shown by the following distribution of 900,000 teach. 
ers in the general education schools grades 5-10 according to subject matter of 
teaching: 


: ; se Percent 
Subject matter of U.S.S.R. teachers: distribution 


A i es acta ccc Giemsa ew oan Scan Saliba cn oman 100. 0 


Language and literature: 
Russian 
Native 
English 
German 
French 
History 
Geography 
Geography and natural science combined 


Natural science 


General * 

Chemistry 

I te a Gc Keane eon eb 
I eo ek ese aw wee Gaiden 
Physics and mathematics 


1 Includes nature studies, botany, zoology, biology, and human anatomy. 


ScIENCE AND MATHEMATICS CURRICULUMS IN ELEMENTARY AND SECONDARY 
SCHOOLS 


There is no doubt that the U.S.S.R. puts much more emphasis on science and 
mathematics instruction at the elementary and secondary school levels than does 
the United States. In the Soviet Union, science as a separate subject of in- 
struction appears at the grade 4 level, and at the grade 5 level departmentalized 
science instruction with specialized teachers begins. Physics fundamentals are 
initiated at grades 6 and 7, and further developed in grades 8 to 10. Chemistry 
starts at grade 7, and biology at grades 5 and 6. Arithmetic commences in the 
primary grades, and develops into algebra and geometry (grades 6 to 10) and 
trigonometry (grades 9 to 10). 

In the United States, science instruction usually does not start as a separately 
organized subject before grade 7. Typically, only a single year of a given 
science subject, biology, physics, chemistry, will be given through grade 12. In 
mathematics, instruction is usually available through algebra, solid geometry, 
and trigonometry. 

The standard curriculum of the U.S.S.R. assumes that all students of a par- 
ticular type of school will be provided instruction in the same subject matter. 
The comprehensive high school in the United States offers numerous curriculums 
to meet varying student interests, including academic, vocational, commercial, 
ete. As one result, only the academic curriculum approaches the Soviet 
emphasis on science and mathematics at the secondary school level. Only about 
one-quarter of the U.S. high school graduates will have studied physics and 
less than 10 percent solid geometry and trigonometry. 

Comparing the extent of the school curriculum devoted to science and mathe 
matics in the two countries must take into account such differences as the 
length of the school week, number of years involved, years in which specialized 
instruction is provided, and the nonstandardized character of U.S. training. 
In the secondary school comparison shown below, instruction hours are shown 
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for grades 5 to 10 of the standard U.S.S.R. 10-year school and for a strong 
college preparatory course in a good U.S. 4-year high school. 


_—_—— 


U.S. high school (4 U.S.S.R. grades 5 to 10 
years) college (6 years) standard 
Subject ee curriculum 


Hours Percent Hours Percent 


—————— 


Total 100 


0} 6658 6, 6: 53 
Mathematics 20 an 1, 207 





Science 4 20 1, 662 
Native language 24 1,215 

12 680 
Social studies e 12 593 
Vocational and other 12 1, 302 





Sources: NSF and U.S. Office of Education. 


This comparison showing total instruction hours of 2,974 for the United States 
and 6,653 for the U.S.S.R. should not be interpreted as meaning that Russian 
youth attend school twice as long as their American counterparts. Rather the 
comparison is based on secondary school curriculums which cover 6 years of 
6 days per week in U.S.S.R. and 4 years of 5 days per week in the United 
States. When elementary schooling—4 years in U.S.S.R. and 8 years in the 
United States—is added, the total school hours through secondary levels is about 
the same. 

In general, the stress on science and mathematics is considerably greater in 
Soviet than in American schools. Specialized instruction in science begins 
earlier there and continues for a larger proportion of students. An “average” 
Russian 10-year school graduate will have had a much greater amount of in- 
struction in chemistry, physics, biology, and mathematics than an equally myth- 
ical, and harder to define, ‘average’? American high school graduate. Since the 
preceding table is based on comparing the instructional hours received by an 
American student enrolled in a strong “academic” or “college preparatory” course 
with the commonly offered program in the U.S.S.R. 10-year schools, it is apparent 
that an even greater contrast would appear if one were to compare “aver age” 
graduates of the two kinds of schools. On the other hand, it is also clear that 
one should not conclude that, because physics, say, is taught over a period of 
5 years in Soviet schools, students there receive five times as much instruction 
in this subject as in our own schools. Considering the fact that some prelimi- 
nary instruction in physical science is included in the pre-high-school program 
in many American schools, and remembering that the Russian system may in 
some years devote only 2 or 3 hours per week to instruction in physics, it turns 
out that the Soviet student may receive only about twice as many hours instruc- 
tion in this subject as would those American students who elect to take physics 
in high school. Hence, to say that Soviet students receive instruction in physics 
for about twice as many hours as American students is more accurate and 
meaningful than to say that the schools in the U.S.S.R. offer 5 years of instruc- 
tion in physics whereas American schools offer only 1. 

Since the total instruction hours in the comparison differ so greatly, relative 
curriculum emphasis can be better compared in terms of the percentage of in- 
struction time devoted to the several subject fields. On this basis, for a U.S. 
student in an academic or college preparatory program who elects 3 to 4 
years of science and 3 to 4 years of mathematics, the hours devoted to mathe- 
matics and science in the United States account for 40 percent of the total, and 
in the U.S.S.R. for 43 percent. The United States emphasizes native language 
(24 percent) more than the U.S.S.R. (18 percent) and foreign language hours 
are about the same in both countries. Social studies account for proportionally 
more instruction hours in the United States (12 percent) than the 9 percent in 
the U.S.S.R., although not greatly so. Considerable differences show in the 
“vocational and other” category with a U.S.S.R. percentage of 20 and a U.S 
percentage of 12. (Since U.S.S.R. vocational training is strongly oriented to- 
ward technology, this tends to increase the science and mathematics emphasis. ) 

This comparison demonstrates that relative curriculum emphasis in the two 
countries at the secondary school level is not greatly different between the U.S. 
strong college preparatory course and the U.S.S.R. standard 5 to 10 year school 
curriculum. However, there is a very real difference between the commercial, 
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business, or vocation courses in the U.S. and the U.S8.S.R. curriculum. U.S, 
courses of this type carry relatively small emphasis on science, mathematics, or 
foreign language. 


















U.S. elementary and secondary school curriculums in science and mathematics 


Unlike the situation in many other nations, no “national curriculum” exists in 
the United States. The responsibility for curricular planning and development 
rests primarily with the local unit and in some subject areas with State edy. 
cational agencies. Curricula formulation is affected or influenced by local or 
national opinion, but there is no one individual or agency responsible for overall, 
national standards. Hence, any generalized statement is apt to be misleading— 
the exceptions may be as numerous as the typical instances. The range of cur. 
riculums in the U.S. elementary and secondary system is very great but it is 
a range adapted to local conditions and attitudes. Nonetheless, despite the ap- 
parent diversity of approaches, the American secondary school system provides 
a surprisingly constant educational product. 

Exposure to scientific and quantitative concepts in the U.S. educational system 
begins as early as the first grade. Many elementary schools have—or are 
developing—curriculums which include instruction in various aspects of science, 
and most school curriculums are designed to give the child an awareness and 
appreciation of science. Arithmetic is given to nearly all elementary students 
from the first grade on, and in some schools the brighter pupils are studying 
algebra and geometry by the seventh and eighth grades. 

In most elementary schools science is taught by the classroom teacher who is 
also responsible for teaching the other basic subjects; there is no effort, in most 
cases, to develop a “course” in science at this early school age. The area of 
study is most frequently suggested by a textbook or a curriculum guide. The 
typical elementary classroom teacher is not well prepared to provide specialized 
instruction in science or mathematics. Teacher training at this level concen- 
trates on pedagogy and language skills; the teacher’s preparation in science and 
even elementary mathematics is likely to be deficient. In a small number of 
elementary schools, usually the larger urban systems, there is a trend toward 
departmentalization of science teaching—leading to the introduction into the 
system of specially trained teachers of science in a manner analogous to the 
well-established plan for the use of special teachers of music in vogue already 
in a number of systems. 

In secondary schools the offerings in science and mathematies are more 
formalized, in terms of subjects to be studied, than is true for elementary schools, 
The standard courses in science are general science, biology, chemistry, and 
physics; in a number of schools some instruction is given in astronomy, geology, 
and other fields. In mathematics, the usual courses offered are beginning 
algebra, plane geometry, intermediate algebra, solid geometry, and trigonometry. 
The tabulation below presents the ratios of the number of students enrolled in 
a particular science or mathematics course to the total enrollments in the grade 
at which the course is typically taken. 































Percent of 
Courses in U.S. high school Typical grade | pupils enrolled 
level of total in 
grade 








General science oe wits ceils feat es dead A asta threes adie te foane 9 67.0 
Biology_- : XA ated 5a es aon oaeen Os oe ee 19 75.5 
SNOT eon i aes acesap een ; ‘ is 11 34.6 
Physics_._.-- Satk ck kecdnaci enn ened . 12 24.3 
General mathematics oe . - 9 43.1 
Flementary algebra ae Sevauks ae eee. B 9 47.0 
Plane geometrv__- pa iA ; sie F ; w 41.6 
Intermediate algebra_-._._---- cee <s ot ‘ onél 11 32.2 
Plane trigonometry_....----- cea ; Sealine 12 9.2 
Solid geometry______--- sc acaieamnaaror aes Etta wig eee 12 7.6 











Source: U.S. Office of Education. 





It will be seen from the foregoing data that only two science courses and one 
mathematics course represent the typical training of American high school grad- 
uates. Only about one-third of the students take chemistry and one quarter, 
physics. In mathematics, about one-third are found in intermediate algebra, 
but less than 10 percent study trigonometry or solid geometry. Since 3 or 4 high 
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school units* in science and 3 or 4 in mathematics are recommended as prerequi- 
sites for collegiate training in science and engineering, many high school grad- 
yates find their opportunities for undertaking professional work in these fields 
foreclosed or severely diminished before even applying for college. 


Elementary and secondary school curriculums in the U.S.S.R. 


The U.S.S.R. follows the practice—a common one in many countries—of hav- 
ing a standard curriculum in its general education structure; this is to say that 
all students as they progress through elementary and secondary school generally 
take the same subjects. There are some variations between urban and rural 
schools, for purposes of allowing participation in agricultural work, and vari- 
ations for other minor purposes. In the main, unlike the U.S. system where 
determination of curriculum is on a State or local basis, and students have some 
latitude in choice of subjects, students in the U.S.S.R. all receive the same amount 
of instruction in basic subjects. 

The U.S.S.R. curriculum has been strongly oriented toward science, engineer- 
ing, mathematics, and vocational subjects. In 1957, it is estimated that about 
30 percent of instruction hours in the 10-year schools were devoted to scientific 
topics. Furthermore, a substantial part of the time devoted to vocational topics 
was similarly oriented in view of the U.S.S.R. emphasis on vocational training in 
technical subjects. Below are presented curriculum comparisons for the pre- 
reform and proposed post-reform complete secondary schools. 


U.S8.S.R. 10-year school, U.S.S.R. 11-year school, 
1957 curriculum 1963 curriculum (proposed) 


Instruction Percent Instruction Percent 
hours hours 





10, 617 

General (language, literature, humanities, so- 
I Sa ee eed 4, 692 
Seientific (sciences and mathematies).....------ 3, 332 
Applied activities and vocational skills.....---- 2, 593 





This comparison indicates an even greater emphasis in the future on scientific 
and technical subjects. The net effect of the additional school year will be to 
increase instruction hours in all these fields, but the expansion in the scientific 
and vocational (largely technical) will be about one-third. 


U.S.S.R. EMPHASIS ON EDUCATION 


Dr. WarermMan. One key fact to remember is that those who have 
shown aptitude for science and engineering are strongly encouraged 
ina variety of ways to go into these fields. Therefore, they do not lose 
their good people. There is no reason why they should, since they can 
assign them. This creates for the United States a pretty stiff type of 
competition—certainly, in the short range. 

With our system we know we are losing some people who have this 
aptitude, people who do not go on into higher education at all; and 
then we know too that the American people in general do not hear 
very much about science, and that means that our national apprecia- 
tion of the significance of science is not as great as it should be. Our 
people are simply not as well informed with respect to science and 
technology as they ought to be for the long run welfare of the country. 
But, the chief consideration, of course, is that between the elements 
of compulsion in Russia and the rewards of goin: into science or 
engineering as a career—and these are very high—they are succeeding 


*A “unit” represents the study of a given subject, or ‘‘course,” 5 days per week for a 
full school year of approximately 35 weeks. 
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in getting a very determined effort on the part of the whole Nation 
to enter this field strongly. They have made remarkable progress, 
There is no denying that. So, where we come out is that we should 
make a determined effort ourselves —not simply in the sense of trying 
to compete with them where they have achieved something spectacu- 
lar, but we must take the initiative, which we can do, and develop 
our own skills to a maximum. 

Then, and only then, can we achieve continuing leadership, but 
it will take an increasing amount of attention, effort and resources, 

Mr. Tuomas. Does anyone have any specific information as to what 
happens to Russian students? Can you start with the high school 
level, and then go to the college level under the compulsory system 
where it is paid for, and so forth? And then, what becomes of the 
persons who are not quite able to make the high marks that are re- 
quired for university training? In other words, what happens to him! 
Are you able to address yourself to that gener: al subject at this time, 
Dr. Kelly ? 

Dr. Ketiy. Yes, sir; the particular point you raised of the transi- 
tion between the high school or 10-year school to college 

Mr. Tuomas. Take the entire field. 

Dr. Kerry. After the 10-year school, not all of the graduates are 
able to get into the Russian colleges (or “institutes”) and universi- 
ties; however, they are building more institutions of higher learning 
so that increasing numbers can be admitted in the future. A stu- 
dent who finishes the 10-year school can make application to a single 
department at a single university. If he does not succeed in getting 
accepted, he has a choice of going into one of the technical schools. 
These are technical schools for lathe operators, machinists, farmers, 
and the like. He also has an opportunity of going to work in a fac- 
tory or on a farm where he can go to school in the evenings or on 
weekends. Such workers are given some time off to continue their 
education. 

At our appropriation meeting last year, Mr. Boland asked me to 
comment on this and I tried to make two points: First, everyone we 
met in Russia is convinced of the importance of education and is dedi- 

cated to the task of developing their educational system ; second, there 
is a general conviction among the Russians that they can beat the 
United States technically, economically, culturally, and militarily. 
They believe that school training is needed to meet these needs. I 
think it is folly not to believe that they mean this. 

Dr. Waterman. Mr. Chairman, you may remember that Dr. Kelly 
himself spent a month in Russia a little more than a year ago. 

Dr. Keniy. Yes, sir. My observations there lead me to feel that: we 
should have apprehensions not about them but about ourselves—as to 
whether we have our own goals in mind as clearly as the Russians 
have theirs. Their material goals are clear and they believe the future 
is promising. They have the natural resources and they have the 
conviction that although they have to suffer and work ‘hard now, 
their children will have it easier, as far as material things are con- 
cerned. They work as our pioneers did in this country. 

Mr. Tromas. May I interrupt you a minute? 

Dr. Ketiy. Surely. 
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Mr. Tuomas. We all realize that what makes the Russians dan- 
gerous is this: They are building on the most solid of all known 
foundations. That foundation is educ ation. 

Dr. Ketty. I thoroughly agree, Mr. Chairman. 


FINANCIAL SUPPORT OF STUDENTS 


The subject of financial support of college and university students 
was mentioned a few minutes ago. While there is not a great deal of 
difference at the elementary and secondary levels in the two coun- 
tries—since such schools are largely supported by public funds in 
both cases—real differences begin to show up at the postsecondary 
level. In the United States more than half of the college students 
attend public institutions and pay nominal tuition and other charges 
in addition to maintaining themselves. The remaining students at- 
tend private institutions where the costs to individual students are 
substantially greater. A good many students in both types of col- 
leges receive schol: irships ‘and other kinds of supplemental support 
which help to pay their expenses. But the main responsibility is on 
the student, himself, or on his family. In Russia the attendance at 
an institution of higher education is tuition free, and for a large share 
of the students—about 80 percent, if I remember correctly—a State 
stipened is granted which meets such expenses as board, lodging, and 
books, The U.S.S.R. has to limit the number of students who can 
be supported, and the quality of students who gain admission is very 
high. In the United States, we make an effort to provide classrooms 
or all reasonably well qualified applicants. 

A much higher level of support is provided for our graduate stu- 
dents than for those at the undergraduate level. In addition to funds 
for stipends for research assistants provided through Federal and 
other research grants, several Federal agencies administer fellowship 
programs, I have an estimate that for fiscal year 1960 about 6,000 
graduate students (mainly in science and related fields) will be sup- 
ported through fe sllowships by National Institutes of Health, the Na- 
tional Science Foundation, the Atomic Energy Commission, the 
U.S. Office of Education, and others. 

Dr. WarrerMAN. I do not think that we can say categorically that 
the Russian system of student support is better than ours just because 
college and university students are fully subsidized. No doubt there 
are losses of good talent in both countries. In Russia the higher 
educational system apparently cannot accommodate all who would 
like to attend. In this country, where most students at the under- 
graduate level must provide for a large part of their support, there 
is no doubt that some highly capable : youth cannot attend college be- 
cause of lack of funds; others because of lack of interest or motivation. 
Estimates of the numbers involved vary greatly. What concrete 
evidence we have, however, seems to indicate that our loss at the 
highest. ability levels may not be as great as we have thought in the 
past. At the graduate level there are mechanisms for support of 
high-quality scholars through fellowships, research assistantships, 
and in other ways. We can watch this situation carefully and pro- 
vide for additional support when it appears that graduate education 
is suffering through inadequate fats for student support. It is 
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hoped that lack of motivation toward higher education may be over. 
come by realization of the ultimate advantages for these who cap 
qualify. 

Mr. Tuomas. These are interesting observations, Dr. Waterman, 
Will you have something more on this general topic for the record? 

Dr. Keuiy. Yes, sir. We shall be glad to prepare material. 

(The information requested follows :) 


THE ALLOCATION OF EDUCATIONAL COSTS 


Differences in basic social and political philosophies in the United States and 
J.S.S.R. are nowhere more striking than in the approach to bearing the costs of 
education. Both countries profess their belief in the education of the mass of 
the population to a certain point, which is reached at a somewhat later age in 
the United States than in the U.S.S.R. Beyond this point, education in the 
United States is more of an individual matter depending upon the student's 
interest, vocational choice, and ability to secure necessary financial resources, 
In the U.S.S.R. higher education is the state’s concern. The state determines 
the number to be trained to meet estimated needs. It then controls the ma- 
chinery to make certain that the predetermined number is trained. 

Education in the United States is an accepted public responsibility through 
the secondary school level, and the children attending privately supported schools 
up to the 12th grade are relatively few (about 12 to 15 percent). Through this 
level, educational costs are borne almost entirely by the taxpayers through local 
and State taxes. Similarly in the U.S.S.R., elementary and secondary education 
is a public matter and is provided through the resources of the Soviet State. 

At the higher education level, the differences become more apparent. More 
than half of the U.S. college students attend public institutions where the usual 
practice is to charge at least nominal fees or tuition. For the balance of the 
students—those attending private colleges and universities—educational costs 
become substantial. In the U.S.S.R., not only is instruction at institutions of 
higher education free, but in upward of 80 percent of the cases a state stipend 
is granted which meets such expenses as board, lodging, and books. 

Costs of higher education in the United States are shared among— 

(a) the student and his family; 
(b) the institution, which may subsidize the student through its endow- 
ment resources or provide outright scholarship support; and 
(ec) the taxpayer who provides support for the public institutions. 
In the U.S.8.R., costs are state financed, which is to say, they are a charge upon 
the workers in the civilian economy. To a minor extent, costs will be borne by 
the student and his family, where stipend support is not requested or secured. 

The Soviets fix the number of students who can be admitted to each institu- 
tion of higher education, and then select the entrants through a severe examina- 
tion process. In this way educational resources are geared to estimated needs 
for trained personnel, and the entrance process is designed to assure the con- 
tinued training of only the ablest students. About 30 percent of those seeking 
admission to institutions of higher education are admitted »s regular full-time 
students. Some opportunities are, however, available to others through corre 
spondence study and less formal educational programs. 

U.S. educational philosophy holds that each person should develop his poten- 
tial so far as he is able and in accordance with his individual interests. This 
permits the student to seek the curriculum of his choice, and so influences the 
eolleges and universities to establish courses of study for which a demand de 
velops. Since higher education then becomes largely an individual matter, 
primarily existing to meet the student’s desires, it does not seem unreasonable 
that the individual student is called upon to meet the major share of the cost. 
The unfettered development of the individual in this way is considered, in the 
aggregate, as the most effective way of meeting the needs of a democratic nation 
for a well-educated citizenry. 


THE SCIENTIFIC AND ENGINEERING LABOR FORCES IN THE UNITED 
STATES AND U.S.S.R. 


Dr. WaTeRMAN. We have talked about the numbers in school and 
the numbers studying science in the two countries. You asked also, 
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Mr. Chairman, for some information about the numbers of scientists 
we have at the various levels of education as compared with the 
Russians. Dr. Kelly now has some information on this subject. Is 
this the time to bring it in? 

Mr. Tuomas. We are very much interested in this, Dr. Kelly. Go 
ahead. 

Dr. Ketity. Comparisons between such different kinds of educa- 
tional structures are both difficult and risky. Although the same 
terms are often used, their meaning may be quite different. We have 
about 2,000 institutions of higher education of various types—about 
00 2-year community or junior colleges, and approximately 1,400 
degree-granting schools, including our large and complex universities 
and tec hnological institutions. ‘The Russians have about 750 insti- 
tutions of higher education—also of several types. Differences be- 
tween the two countries in what is considered to be professional 
qualification are considerable. For example in the U.S.S.R., medical 
graduates—pri actitioners—usually have 6 years of training beyond 
the 10-year school. Graduates in education for elementary and sec- 
ondary school teaching have had only 2 years. (However, the 
U.S.S.R. is now moving to abolish the 2-year teacher training insti- 
tutes in favor of 4- and 5- year pedagogical schools.) On the other 
hand, medical students in the United States have 7 or 8 years of 
training plus internship—this in addition to the 12-year elementary 
and secondary school training. Most teachers in the United States 
now complete a 4-year course, and some of them 5 or 6. There are 
now in the United States only a handful of 2-year normal schools for 
teachers, and they are Eeappearng rapidly. In contrast, the engi- 
neering diploma in the U.S.S.R. represents a 5-year period of study 
beyond the secondary level where the usual engineering training in 
the United States is 4 years—but this is changing in some places in 
the United States now to a longer course, quite often with more 
stress on the humanities and the social sciences. 

Altogether, we have about 8 million or more who have completed 
college training, while the Russians have under 4 million; but there 
has been a wide difference in emphasis with respect to fields. In 
Russia, planning by the State has led to heavy emphasis on agri- 
culture, education, engineering, and the sciences. In the free choice 
system of the United States the largest numbers of graduates have 
been in education, business, commerce, and the social sciences. The 
proportion of our graduates in science and engineering as a whole 
has been far below that of the Russians. At the same time, our free 
choice system has been quite responsive to demand as represented by 
employment opportunities. 

Mr. Tuomas. How do our bachelor’s degree graduates now com- 
pare with the Russians ? 

Dr. Ketty. We award about 30,000 to 40,000 more bachelor’s de- 
grees per year than the Russians do. But about one-third of their 
gradu: ates are in engineering, compared with about 10 percent of ours. 

Mr. Tomas. This makes the picture much more clear, Dr Kelly. 
But you have given us a great many figures. Can you summarize 
what you have just said in two or three sentences? 
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Dr. Keiiy. The main points, I believe, are these. We have about 
twice as many college-trained people as the Russians, but ours are 
trained over a large number of fields while the Russians have em- 
phasized_ science and technology more than we have. In Russia, 
specialization by individual students is influenced by state planning; 
in the United States, students have fairly complete freedom of choice 
in what they will study. While we are producing 30,000 or 40,000 
more bachelor’s degree graduates per year than the Russians, they 
are graduating approximately three engineers to our one. The Rus- 
sians have about a million trained engineers, compared with about 
850,000 in this country. We apparently are at present ahead of the 
Russians in the number of Ph. D.-level scientists and engineers— 
particularly with respect to the physical sciences. In general, I think 
we may say that at the moment we are slightly ahead of the Rus- 
sians in terms of scientific and technical manpower, but the margin 
is narrow and we must keep up steady and sustained pressure for 
both quality and quantity if we are to maintain superiority. 

Mr. Tuomas. Will you have a more detailed statement on this for 
the record # 

Dr. Keniy. We have information on these topics which is rather 
technical but could quite easily be put in summary form and sub- 
mitted for the record. Some of it will be published later in a forth- 
coming revision of “Soviet Professional Manpower,” by Mr. Nicholas 
DeWitt. Mr. DeWitt has generously made some of his research avail- 
able to the Foundation prior to publication. 

Mr. Tuomas. Thank you, Dr. Kelly. 

(The information requested follows :) 


COLLEGE AND UNIVERSITY TRAINING IN THE UNITED STATES AND U.S.S.R. 


Post-secondary school training in both countries is carried out in a system of 
institutions of higher education. In the United States there are nearly 1,400 
college-level institutions which grant a bachelor’s degree (usually after a 4-year 
course). Each one of these institutions has its own curriculums and within a 
system of voluntary accreditation certifies a student for the award of a bachelor's 
degree. These degree-granting institutions—which include large complex uni- 
versities, liberal arts and teachers colleges, and various professional schools— 
are supplemented by about 500 community or junior colleges and technical insti- 
tutes which provide either 2-year terminal training or the first 2 years of degree 
credit curriculums. However, in the U.S.S.R., students at corresponding levels 
attend a number of different types of higher education institutions ranging from 
6-year medical institutes to 2-year teachers institutes—although these latter 
are being replaced by 4- and 5-year pedagogical institutes. The total number 
of higher educational institutions is about 750. Students trained in these vari- 
ous types of schools follow standardized curriculums and receive diplomas (but 
not degrees) upon completion. 

It can be misleading to attempt to compare the typical college graduate in the 
United States with his nearest counterpart in the U.S.S.R., for the corresponding 
courses of study are not strictly comparable in terms of length or emphasis of 
training; this is particularly true in the fields of education and medicine. 
U.S.S.R. medical graduates (corresponding to our M.D.’s) in general receive 6 
years of training beyond the 10-year secondary school—but education graduates 
2 to 5 years. In the United States, medical graduates receive on the average 
7 or 8 years of training plus internship after a 12-year period of elementary and 
secondary school. Most teachers in the United States have completed a 4-year 
course (many have 5 or more years) beyond graduation from high school. On 
the other hand, the engineering diploma in the U.S.S.R., represents a 5-to 5%%- 
year period of training beyond the 10-year school in contrast with the general 
4-year curriculum after 12 years of elementary-secondary school in the United 
States. 
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HIGHER EDUCATION GRADUATES 


Number of Bachelor's Degrees ond Diplomas Aworded, in Selected Fields, 1958 
Thousonds of Degrees US. and US.S.R. 


400 


[7] US. Boccalaureates 








Correspondence / 
-— Extension m+ 
Graduates 





TOTAL Education Science ond All Other 
Engineering Fields 


Sources : U.S. Office of Education and Soviet sources. 


The educational systems of the two countries have been developed along 
very different lines, and comparisons between them must be viewed—at best— 
as rough approximations which, improperly interpreted, might lead to serious 
misunderstanding. Gross comparisons between diploma holders in the U.S.S.R. 
and baccalaureates in the United States should be interpreted as numbers who 
have reached certain terminal points in two different systems without any 
assurance that a similar level of training has been either sought or attained. 

Recent data for the two countries show that (as of 1959) about 8.3 million 
persons in the United States had graduated from college compared with about 3.7 
million persons in the U.S.S.R.—at least 2 million of them since World War II. 
A main difference between the two countries lies, however, in the emphasis 
on fields of training. In the U.S.S.R., emphasis has been placed on training 
in such fields of agriculture, engineering, education, and the sciences. In the 
United States, selection of field of training is a matter of choice of individual 
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students, taking into account their abilities, interests, economic and socia] 
opportunities, etc. This has resulted in the principal fields of study of graduates 
at the bachelor’s degree level being education, humanities and arts, natura] 
sciences, social sciences, business and commerce, and engineering in that order, 

Currently, the United States is graduating about 375,000 baccalaureates per 
year; in the U.S.S.R. about 340,000 diplomas are now awarded each year. The 
Soviet emphasis is shown in the one-third proportion of diplomas granted in 
engineering. The comparable U.S. figure is about 10 percent. 


HIGHER EDUCATION IN THE UNITED STATES 


The basic college training in the United States generally culminates in the 
award of a bachelor’s degree—usually a bachelor of arts or bachelor of science 
degree. Degrees are awarded by several types of institutions of higher educa- 
tion—universities, liberal arts colleges, teachers colleges, technological schools, 
theological and religious schools, and other types of professional schools. There 
are several other kinds of institutions of higher education such as community 
colleges, junior colleges, and technical institutes; however, these do not usually 
award a baccalaureate degree. Bachelors degrees are usually awarded upon 
completion of a 4-year academic course. However, some professional schools 
and others require five or more years of study. In general, most students 
receiving baccalaureates complete the requirements within a 4-year time span; 
some exceptional students finish in 3 years; and others, because of part-time and 
evening attendance, take longer. 

College graduates in the United States can be found in many different economic 
activities. As of early 1959, about 8.3 million persons had graduated from an 
instiution of higher education, and in addition 10 million more had completed 
from 1 to 3 years of such training. Nearly three-quarters of all graduates were 
employed; the other quarter were not in the labor force (students, housewives, 
or retired), or were unemployed (a very small number). Furthermore, over 
4 million of the 6 million employed graduates were engaged in professional, tech- 
nical, or kindred occupations. The remainder of the employed graduates were 
managers, officials, or proprietors of various organizations (900,000), in clerical, 
sales, and kindred occupations (760,000), or other jobs (370,000). 

Teaching is by far the largest occupation of college graduates, and nearly a 
million and a half graduates are so engaged. Engineering and health fields 
(medicine, dentistry, pharmacy, and nursing) are the occupations of nearly 
600,000 graduates each, while approximately a quarter of a million graduates 
are in the natural sciences. The remainder of the graduates in the professional, 
technical, and kindred groups are in such occupations as law, social sciences, 
accountancy, editing and reporting, and other professions. 

The number of bachelor’s degrees awarded each year has grown tremendously 
over the past several decades from 48,600 in 1920 to 122,500 in 1930, and 186,500 in 
1940. After dropping to a low of about 140,000 during World War II, the num- 
ber of bachelor’s degrees awarded rose to an alltime high of 433,700 in 1950 
as a result of the large veteran enrollments. The trend of bachelor’s degrees 
in the 1950’s is shown in table 1. After the peak in 1950, the number dropped 
to a low of almost 290,000 in 1955 but has since risen each year to more than 
365,000 in 1958. 


TABLE 1.—All bachelor’s degrees and bachelor’s degrees awarded in science 
and engineering, 1950-58—United States 





Number of bachelor’s awarded |Percent natural 

Jt science and 
Academic year engineering of 
All bachelor’s |Natural science] all bachelor’s 
— engineering 


433, 734 108, 784 
384, 352 88, 465 
331, 924 68, 206 
304, 857 57, 531 
292, 880 53, 497 
287, 401 53, 359 
311, 298 61, 327 
340, 347 70, 178 
365, 748 77, 785 
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Source: U.S. Office of Education. 
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Bachelor’s degrees awarded are expected to continue this increase in the 
future. Based on population trends and projected ratios of college attendance, 
the number of bachelor’s degrees awarded will probably exceed 400,000 in 1960, 
and 700,000 in 1970. 

The number of bachelor’s degrees awarded in engineering and the natural 
sciences, while increasing much faster than degrees in all fields in the 1920’s 
and 1940’s, has remained at a fairly constant proportion of the total in the 
1950's (around 20 percent). As may be seen by table 1, the number of degrees 
in these fields dropped from a total of 109,000 in 1950 to about 53,000 in 1955 
and then rose to nearly 78,000 in 1958. If it is assumed that degrees in science 
and engineering will remain at current proportions of all bachelor’s degrees, 
the number awarded in these fields may rise to over 85,000 in 1960 and over 
150,000 by 1970. 

As mentioned above, more than 365,000 bachelor’s degrees were awarded in 
1958. Table 2 shows a distribution of the major fields of these graduates. Edu- 
eation is the field of the largest number of graduates; sciences and engineering 
together number about 78,000 (engineering alone shows over 35,000 degrees), 
and the social sciences and humanities accounted for 49,000 and 48,000, 


respectively. 


Tarte 2.—Number of earned bachelor’s and first professional degrees by broad 
field, 1957-58—United States? 


Bachelor's degrees 











Field cio bieS Le aeiaaiaibinenie 

Number | Percent 
aa al eal al ce teal At di ti ae aetna a lade heel ea 365, 748 | 100. 0 
Natural sciences........-..----.. Berar SS ia i a ee ee ee Bd 77, 785 | 21.3 
Agricultural sciences (including forestry) 1.9 
Biological aclenoes- oo. cod ee seek nee 3.9 
Fe ie 9.7 
EIINUN Soo chk caw cnumrekunosdceiwee 1.9 
TE IU: onc ccnndemriumb wemewone cel 3.9 
Science, general progr Bai op cca akan ie aarthywa ge ai ee Ce ae .5 
Psychology... il 6, 930 1.9 
Social sciences (ine ‘ludes anth rop. logy ‘and geogr: aphy) em J eee ee eae 49, 005 13. 4 
wine OTs anid WRITMRtIOR, 25603 Sis sli wa coc kakinoddscvseetmucduids. 47, 801 13.1 
POOEION 255. datiige pedeti an 2 hbo ab ERE hides beamed ede eaodncedeyen's 82, 892 22.7 
AN other .. .....- ennaiee iba tedeis dihbnclnals oaaald Mikado Kia annni dak eae 101, 335 27.6 


1 This classification of degrees includes 1st professional degrees in such fields as medicine, dentistry 
law, and theology. 
Source: U.S. Office of Education. 


HIGHER EDUCATION IN THE U.S.S.R. 


The basic higher education level training in the U.S.S.R. is provided through at- 
tendance at higher educational institutions of several types. Included in the 
higher education institutions are medical institutes with 6 year training, engi- 
neering institutes or universities with a 5-5% year course, agricultural, pedagog- 
ical, and socioeconomic institutes with 4 years of training, and teacher train- 
ing institutes with 2 years (now in process of being replaced by 4- and 5-year 
pedagogical institutes for elementary and secondary school teacher training, 
respectively). Students successfully completing courses from these higher edu- 
cation establishments receive diplomas. (Clearly the U.S.S.R. diplomas and the 
U.S. baccalaureates are not—in general—closely comparable, although they are 
frequently compared as arbitrary measures of educational progress in the two 
countries. ) 

As of January 1959, there were more than 3.7 million persons with diploma 
level training in the U.S.S.R. and slightly over 3 million of them were employed 
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in the civilian economy. The following tabulation indicates the field of training 
of about 2.8 million of these persons as of January 1958: 


| 


Number | Percent |} Field | Number 





| 

| Percent 

| at pereone, | | of persons | 

| 
- = Ss i | ae - i cians pee cee 

RMON. ccvalidiiecenae } 2 , 805, 500 | 100 | Engineering ............. 816, 100 9 

I- - Stl BN <cnccianp as cege esc 57, 800 9 
Agriculture_........-- ee 193, 100 ip eee eee 346, 000 | 2 
oumomics. ....--.....- | 157, 500 1 RES Sate Drees bdenel 90, 100 3 
GEIR Bi cecnsitenwes | 1,144, 900 41 





1 Includes an estimated 125,000 trained in mathematical, physical, and biological sciences. 


A comparison with similar data for 1941 indicates, that, while all fields haye 
more than doubled, the sharpest expansion has been in education and engineering, 

These diploma level personnel are employed in many sectors of the Civilian 
economy of the U.S.S.R. Table 3 shows a distribution of these persons for 
January 1958 by type of employment. It will be seen that those comprising the 
largest single group are employed in educational institutions. 


TABLE 3.—Employment of personnel with bachelor’s degree level of training 
(or higher) in the general branches of the U.S.S.R. civilian economy, January 
1958 





Type of employment Number employed 
NS al a a eg oh a oe ae BE al 2, 805, 000 
Agriculture (Kolkhozes [collective farms] and machine tractor sta- 

SNSUNMR NR scrgre regia 2 apes er ee Se et 71, 000 
Agriculture (Sovkhozes [state farms] and subsidiary enterprises) ____ 82, 000 
Rn reine NIPPLE ERRONIS 8 oS cee ten amen 52, 000 
Educational institutions: cadre training institutes, general education 

schools, cultural-educational institutions__........._...____.______ 1, 138, 000 
Ia a eee OR ee er no ene es 307, 000 


PS EO a eae eae ee ee ee 354, 000 
Scientific and scientific research institutions including planning, de- 

signing, and geological survey organizations_____________________ 356, 000 
State and economic administrative organs; administrative organs 

which manage cooperative and public organizations ; credit and in- 


DIOR TIS Se sa ee ie eee 255, 000 
Trade, public feeding establishments; procurement, materials and 

Deemnniee OUMEDONE -WGIN T= oe ek Ue 32, 000 
Srankporrmu0n and communications... 22 56, 000 
Lars Aeeemetion RENOWN) oe eS 142, 


1 Machine tractor stations have been virtually abolished; their personnel were redis- 
tributed throughout other sectors of the agricultural economy. 


A large proportion of the persons in the U.S.S.R. with diploma level training 
completed this training after the end of World War II. The following tabula- 
tion illustrates annual diploma level graduations in various fields in the last 
few years. 














Field 1957 1958 1959 
ic Series Bhar ae axial le ge , Seiki 266, 500 290, 700 340, 000 
PNR Seco nee etd Finth athe vaskalas 29, 800 30, 900 34, 000 
Mamunied a0 1aG os es 20, 200 24, 000 21, 000 
ES ahaa argh cacao occ 109, 200 116, 200 149, 000 
Engineering. _-_.....-..-- Jasedeewenkceene at agi aber 83, 100 93, 600 106, 000 
INE, Sinead ES ae ee a a ceeneueees 24, 200 26, 000 30, 000 


Physical, biologic: al, and ‘mathematical sciences__ ye 12, 000 13, 000 14, 000 


a 
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Training at the diploma level in the U.S.S.R. is strongly oriented toward 
engineering and scientific fields. In 1958, nearly 30 percent of those trained at 
this level and employed in the civilian economy held diplomas in engineering. 
Recent graduating classes have been nearly one-third engineering diplomas. 
While the emphasis on natural science is somewhat obscured by the classifica- 
tion System by which diplomas are reported, it appears that nearly 25 percent 
of the current diplomas awarded in the U.S.S.R. are in fields considered in this 
country to be either natural science or medicine. 

A considerable number of those receiving diplomas from the U.S.S.R. higher 
educational institutions have been correspondence or evening school students, 
many of them employed full time while taking course work. Recent enrollment 
data indicate that over 45 percent of all students in higher education are in 
correspondence, extension, or evening courses. About 15 percent of the en- 
gineering graduates of 1959 in the U.S.S.R. were correspondence or extension 
students. 

ENGINEERING MANPOWER 


Engineering is an extremely important occupation in both the United States 
and the U.S.S.R. Numerically, it is one of the largest professional fields. Eco- 
nomically, it is important in development and the application of scientific 
techniques to production. 

The U.S.S.R. currently has nearly 1 million professionally trained engineers, 
typically with at least a 5-year engineering institute diploma. About 25,000 of 
them hold the Kandidat (considered equivalent to our Ph. D.) degree. Engi- 
neers in the United States numbered about 850,000 in 1959, and perhaps a third 
or more of them did not possess a formal academic degree, having attained 
professional status through experience, self-study, or other training. 

Currently, the U.S.S.R. is outproducing the United States in engineering 
graduates at a rate of approximately 3 to 1. Soviet plans call for further 
expansion of training in this field to produce an average of 125,000 per year in 
the period 1959-65. The U.S. rate of graduation of first-degree-level engineers 
is presently at a level of about 38,000. 

The contrast between the two systems is especially clear in the approach to 
engineering training. In the U.S.S.R., a determination of how many engineers 
should be trained in each field is made centrally, based upon anticipated require- 
ments. Training institutions are informed, and quotas are set in accordance 
with anticipated requirements. Entrance examinations screen out the surplus 
applications. In the United States, enrollments are determined by a complex 
of factors: some of the major components are the free vocational choice of 
students, the competitive attraction of other professional occupations, the costs 
of training, the training facilities available to the student, current information 
regarding “demand” (by field), and other similar factors interacting with those 
mentioned and with each other. 

It is by no means clear how effective the Soviet system is in meeting its prob- 
lems of training engineers in the numbers and with the qualifications desired; 
the Soviet press on occasion has been critical of its results. Weaknesses of this 
system appear to arise from the specialized character and lack of flexibility in 
training for specific jobs: the impossibility of predicting scientific developments 
which create new and novel requirements; the dependence upon extension and 
correspondence school training; and malutilization of the trained specialist for 
which a specialized position cannot be found. All of these difficulties are, of 
course, in addition to the frailties of the human mind in dealing with problems 
of complicated economie and social variables. 


ENGINEERS IN THE UNITED STATES 


Engineering is one of the largest professional occupations in the United 
States; it is the largest male profession. As of 1959, there were approximately 
850,000 employed professional engineers; less than 1 percent were women. Al- 
most three-quarters of all engineers are employed in private industry; nearly 
every manufacturing industry employs some, with the largest numbers being in 
electrical equipment, aircraft, machinery, motor vehicles, transportation and 
other public utilities, construction, chemicals, petroleum, and telecommunica- 
tions. Those comprising the next largest group of engineers are employed by 
Federal, State, and local government agencies—probably more than 15 percent 
are so engaged. Other sectors employing engineers are engineering and archi- 
tectural services, educational institutions, commercial laboratories, and non- 
profit organizations; about 5 percent are on active duty in the Armed Forces. 
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Civil, mechanical, and electrical engineering are the largest of the major branches 
of the engineering profession; they are followed in size by industrial, chemical, 
aeronautical, and mining and metallurgical. 

Four years of college work leading to a bachelor’s degree in engineering are 
usually the minimum educational requirement, Some persons enter the profes- 
sion with training in physics, chemistry, mathematics, or related fields. Others 
have reached professional status in this occupation without a degree, but usually 
after considerable experience as a technician or in other semiprofessional work. 
Many of these persons have considerable academic training although short of a 
pachelor’s degree. The proportion of engineers with advanced degrees, though 
small, has been growing rapidly ; with 5,768 master’s degrees granted in 1957-58, 
it was outranked only by education and with 647 doctorates granted in the same 
year, it was outranked only by education and chemistry. 

Some 226 universities and engineering schools offered training leading to a 
bachelor’s degree in engineering in 1957-58; more than 150 of these schools 
had curriculums which were accredited by the Engineer’s Council for Profes- 
sional Development. This organization, a private professional group, reviews 
and accredits each separate curriculum for major engineering courses of study 
at institutions offering bachelor’s degree level training. Both the qualitative 
and quantitative effort of training is considered. Most engineering curriculums 
are set up on a 4-year basis with the first 2 years devoted to basic sciences, 
preengineering subjects, and to other courses such as social sciences, humanities, 
and English. The last 2 years are devoted generally to specialized engineering 
courses and to advanced mathematics and science. Some institutions have 5- 
year programs leading to a bachelor’s degree; some engineering schools have 
arrangements by which 8 years in a liberal arts or other school are combined 
with 2 years of engineering resulting in a bachelor’s and a first professional 
degree. A few schools have a cooperative arrangement under which students 
alternate attendance at college and employment in industry or Government; 
these arrangements are usually spread out over a 5- or 6-year period. 

Engineering enrollments and bachelor’s degrees over the last decade are 
shown in the accompanying table (table 4). In both cases, post-World War II 
peaks were reached about 10 years ago owing to large enrollments under the 
GI bill. After dropping in the mid-1950’s because of a decline in population 
of college age and a decline in the number of veterans in school, enrollments 
and degrees again increased through 1958. In both 1959 and 1960, engineering 
enrollments declined, although degrees granted are still increasing. To some 
extent, the decline in engineering enrollments was apparently offset by an 
increase in science students. In view of the trend of increasing college-age 
population in the next 10 to 15 years, the engineering enrollment decline appears 
temporary, and such enrollments and degrees can be expected to increase again 


in the near future. 


TasLE 4.—Engineering enrollments and degrees at the undergraduate level, 
1948-49—1958-59—United States 


| 
| Under- | | | Under- 
Academic year graduate | Number Academie year graduate | Number 
enroll- | of degrees | enroll- | of degrees 
ments ments 


| 
| 221, 448 26, 306 
_| 161, 592 251, 121 33, 211 
_..| 145, 997 | i Ss , : 268, 761 35, 332 
: 156, 080 | 24, i __| 256, 779 38, 134 
! 


201, 927 


242, 992 (*) 


171, 725 
193, 692 


1 Not available. 


Source: U.S. Office of Education. 


ENGINEERS IN THE U.8.S.R. 


The engineering profession in the U.S.S.R., because of its special status, 
deserves particular attention. It has emerged as one of the largest single pro- 
fessional fields. The profession plays an important role in the civilian economy, 
in technological progress, and the military. As of January 1960, the U.S.S.R. 
had a total of nearly 1 million engineers—almost 30 percent of whom are women. 
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A very large proportion of these engineers have been produced through the Soviet 
educational system since the end of World War II, and the majority of them 
since 1950 as may be seen by the following tabulation. 


Year and number of engineering graduates employed in the civilian labor 
force -U.S.S.R. 








ROMP syle t03 eles tire 5st ae POD MOO 1TIOUT. 3. bo ose bes ice 2es 2 
1951 SN ok Se 908000 $805G- ow ce cee) Be 
1954__. 3, bee S Au, 22 oR ORS os s 2242. See 
1955 dt ease Le 2 SOOO Hh a0GO SE oes be eg ae * 983, 000 


1 Estimated. 


These engineering graduates, who have received their diplomas from higher 
education institutions after a 5-year study program, are employed in many fields 
of specialization in the civilian economy. Table 5 below shows an estimated 
distribution of engineering graduates as of January 1960. 


Tas_e 5.—Estimated distribution of engineering graduates by specialty, 
January 1960—U.S.S.R. 
Specialty groups 


Total 


Number 


NE aac tina at hands gue eee .___-_. 983, 000 









Geology and exploration of mineral deposits__ ee SS ~saa 22605 


Pixpoiniaon oF mineral’ Geposite. 2) eee _.. 46, 600 
Sar arn ee ee eltecn Fo ee lee ee EE ee 72, 600 
Metallurgy _..__.__.- POTS ERE SEES EE 2 5 Se a OT Le SPS 5O, 000 
Machine building and instrument construction____________-________- _ 271, 400 
Electrical machine building and electrical instrument construction____- 49, 800 
Radio engineering and communications________-_/__-»_-___->___ 47, 900 
enon y  DeCeIOny COMNOOTION en ec cae 79, 300 
Timber engineering and technology of wood processing, cellulose, and 
I gee reese -. $1,900 
Tecnnoreny OF 1000 HrOGUIs INQUEUTY 4 <n < on one eee ence oune 32, 200 
Technology of consumers’ goods industry___.--------_-_-_-_-_-_ . 28,500 
IO a a gece sg pe 141, 800 
I RN a enighem aeimaas _ 10,500 
Irn SANGRE a cca pticpnig egpanon wichemisneimialonaeee 8, 000 
a OI NNN i iia asehcingtncms be oases i lar ict Mt i a 70, 5 


As shown in the growth of the engineering profession above, a very large 
proportion of the engineers have been graduated in the last decade. The follow- 
ing tabulation shows: the annual number of graduates in the U.S.S.R. from 
1950 to 1959. 


Annual number of engineering graduates, U.S.S.R. 


Year Number | Year Number 
1950 hee kee TR UD he i ce’ sic racic tale. _ 66, 000 
et eee 

47, 000 OR ce nn En sbi 83, 000 

a ee Cee 94, 000 

56, 000 | SN ices ES eee __. 106, 000 





Engineering graduates have tripled in the past 10 years, and doubled in the 
last 5. 

The U.S.S.R. has announced on several occasions its plans for future pro- 
duction of engineering graduates. Higher education is to graduate 1.9 times 
more engineers during the 7-year period of 1959-65 than in the previous 7-year 
period. This will mean an anticipated average annual output of about 125,000 
engineers. The largest output of engineers during this 7-year plan will be in 
the fields of chemical technology, automation, computer technology, and elec- 
tronics, 

The quality of engineering training in the U.S.S.R. is high in the opinion of 
competent observers. The American Society for Engineering Education Ex- 
change Mission to the Soviet Union in 1958 reported that diploma level training 
in engineering corresponds roughly in academic content to the U.S. bachelor’s 
degree and in some respects approaches the master’s degree level. Considerable 
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differences in the quality of engineering training programs were found to exist 
in the U.S.S.R. with a quality range “comparable to that found in the United 
States.” At the graduate degree level, the mission found the kandidat degree 
approaching the level of the U.S. doctorate, and the doktor degree at a higher 
level of training. 

The emphasis on engineering is further demonstrated in the data on advanced 
degree holders in the U.S.S.R. Of the total of about 105,000 holders of advanced 
degrees, More than one quarter are in engineering; at the doktor degree level 
alone, more than one-fifth are engineers. Furthermore, an examination of the 
fields of study of persons in graduate study—the Aspirantura—shows nearly 
two-lifths of all students are in eugineering. 

Despite the number and quality of engineers produced, there appear to be 
difficulties in meeting specific types of requirements. Chronic shortages and sur- 
pluses eXist in some of the engineering specialties. It is difficult to determine 
whether such deficiencies are inherent in such a “statist” society where plan- 
ning is concentrated in highly centralized state planning organs, or whether 
these are merely defects within the system of planning which will eventually 
be eliminated. In analyzing the efficiency of the Soviet planning system, a system 
which in many instances appears not to be able to measure correctly local supply 
and demand situations, some pertinent observations can be made. In such a 
planned society where considerations of supply and demand may be frustrated 
by human error in planning, some serious problems arise: (1) once the plans 
are put into effect, the impact of serious errors may be a cumulative effect; (2) 
unexpected future developments not anticipated by the planners may demand 
that the original planning be revised; (3) if a large scale important plan has 
to be revised in its early implementation stages, the result may be a “tinkering” 
with the educational system in order to make the required adjustment. 
























COMPARATIVE ENGINEERING CURRICULUMS 











The standard Soviet engineering curriculums are normally 5—5'% years in 
length, and include about 4,400 to 5,100 hours of classroom and laboratory work. 
The U.S. curriculums are most generally 4 years (although there are an increas- 
ing number of 5-year courses) and will include about 3,000 to 3,200 hours of 
classroom and laboratory work; there is no “standard” curriculum for training 
engineers in this country. It is reported that U.S. engineering students will 
normally have more homework than is typically the case for Russian students. 

An accompanying table compares typical engineering programs by general 
subject areas of study for electrical engineering in the United States and elec- 
tronics in the U.S.S.R. This comparison shows hours of classroom instruction 
and laboratory work for a good 4-year college program for the United States. 
For the U.S.S.R., hours devoted to lectures, recitations, and laboratory work 
are shown. 











Comparative curriculum * in electrical engineering for United States and U.S.S.R. 
by general subject area and instruction hours 





















United States U.S.S.R. 
General subject area ane pseaieteeieaneal 












Hours Percent Hours Percent 























Total 3, 080 100 | 4, 364 100 

: ‘ 

Science and mathematics - 680 22 1, 044 24 
General engineering 448 15 546 12 
Specialized engineering Stace sede beiGisc2 | 1, O88 35 1, 774 | 41 
Academic, nonscience, and engineering -....-...------- 480 | 16 652 15 
12 | 348 8 






Other (physical education, military science, etc.) ...-- | 384 | 

















| Represents standard U.S.S.R. 5-year course in electronics engineering and typical U.S. 4-year electrical 
engineering course (Carnegie Institute of Technology). 

Sources: Final Report, ASEE Engineering Exchange Mission to the Soviet Union and Carnegie College 
of Engineering and Science Announcements for 1959-61, 
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Overall, the Soviet program totals 4,364 instruction hours, or about 42 percent 
more than the 3,080 in the U.S. program. U.S.S.R. hours in all subject areas are 
greater than for the comparable U.S. program, except for “Other” which includes 
physical education, military science, etc. In the specialized engineering subjects 
area, the U.S.S.R. curriculum at 1,774 hours exceeds the U.S. comparable course 
work by more than 60 percent. It is interesting to note that even in the non- 
science and engineering academic course work, the U.S.S.R. course contains a 
third more hours than the United States. 

In terms of relative emphasis, the two countries devote a surprisingly close 
percentage of instruction time to the same subject areas. For example, the U.S. 
curriculum assigns 22 percent of instruction time to science and mathematics: 
The U.S.S.R. devotes 24 percent to these topics. Relatively large differences are 
shown in specialized engineering courses at 35 percent for the United States and 
41 percent for U.S.S.R., and in “Other” where U.S. time accounts for 12 percent 
and U.S.S.R., 8 percent. 

Recent visitors to engineering training institutions in the US.S.R. report and 
this cursory analysis tend to confirm the belief that there is a general com- 
parability of training at the U.S.S.R. diploma level with the U.S. baccalaureate. 
While the Soviet system is sometimes criticized for extreme specialization in 
its engineering curriculum, it should be noted that such specialization is in 
addition to—rather than in lieu of—more general mathematics, science, and 
engineering course work. Furthermore, it is interesting that the Russian course 
requires foreign language instruction, which is an elective only in the typical 
U.S. engineering course. 


THE TRAINING OF SCIENTISTS AND RESEARCH SCHOLARS IN THE UNITED STATES 
AND U.S.S.R. 


Scientists and research scholars are developed in both countries through an 
exacting course of training at institutions of higher education. The U.S. scien- 
tists will typically be trained at the graduate school of a university; in the 
U.S.S.R., similar training will be given at separate research institutes as well 
as in universities. Such training will normally commence at the baccalaureate 
level in the United States (after 4 years of college or university) and at the 
diploma level in the U.S.S.R. (after 4-6 years of university or institutes 
training). 

The academic degrees, Doctor of Philosophy in the United States and Kandidat 
Nauk in the U.S.S.R., are usually considered to represent a roughly ecnivalent 
level of training, at least in the natural sciences and engineering. Both degrees 
represent successful completion of an intensive academic course and independent 
research. An additional degree, the Doktor Nauk, may be earned by eminent 
Soviet scientists largely as a recognition of important scientific contributions. 

At the present time, the United States has more than 135,000 persons who have 
earned a doctorate. In the U.S.S.R., there are nearly 105,000 persons with an 
advanced degree—more than 10,000 of them hold a “doktor” degree. The dis- 
tribution of advanced degree holders is very different in the two countries. 
About half of the U.S. doctorates are degrees in the natural sciences and engi- 
neering while in the U.S.S.R. more than three-quarters are in science and engi- 
neering (engineering alone accounts for more than one-third). Furthermore, 
even in the sciences there is a difference in emphasis: the United States has a 
larger proportion in the physical and mathematical sciences: the U.S.S.R. a 
larger proportion in life sciences (particularly agriculture). Another difference 
between the two countries is in the area of medicine and related fields. These 
fields in the U.S.S.R. comprise about 17 percent of all advanced-degree holders. 
In the United States most medical personnel receive a terminal M.D. (doctor 
of medicine) or similar degree (even though some undergo additional training) 
and very few obtain a Ph. D. 

At the present time, the United States is awarding about 9,000 doctorates an- 
nually with about half of them in the natural sciences and engineering. On the 
other hand, annual production of Kandidat degrees in the U.S.S.R. is now about 
5,000 with about three-quarters in the sciences or engineering. This latter rate 
has fluctuated widely, however; in 1954 and 1955 it was about 12,000. Over the 
next decade it is likely that U.S. doctorate production will doubie; in the U.S.S.R. 
present indications are that the rate of increase may be smaller. 
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ESTIMATED NUMBER OF ADVANCED DEGREE’ HOLDERS, 1959 
U.S. and U.S.S.R. 


Thousands of Persons 
150 









U.S. Doctorate 
ZZ SSR. Kandidat ond Doktor 


125 








TOTAL Science Engineering Social Sciences, 
Arts, Humanities, 
Education, 
*inctudes Kandidot ond Doktor degrees in U.S.8.R ond Doctorate in U.S and Others 


Source : NSF estimates and Soviet sources. 
THE DOCTORATE LEVEL OF TRAINING IN THE UNITED STATES 


Graduate training in the United States covers a broad educational range reach- 
ing from the baccalaureate level to postdoctoral study and research. It is usu- 
ally distinguished from professional schools which train to an increasing extent 
after completion of the 4-year baccalaureate course, personnel for law, the clergy, 
medicine, and other professions. The typical student will enroll for graduate 
training in the graduate school of arts and sciences at a university after 4 years 
of undergraduate college or university study culminating in the bachelor’s degree. 
The Doctor of Philosophy degree represents the successful completion of an exact- 
ing course of study and research equivalent to 4- or 5-year’s full-time work. 
(Since study is frequently on a part-time basis, or is interrupted by intervening 
employment, the average period between the award of the bachelor and doctoral 
degrees is now about 8 years. ) 






The master’s degree is often awarded after 1 or 2 years of graduate study, 


As of 1959, about 136,000 Americans held an earned doctoral degree (Doctor 
of Philosophy or doctor of science). Roughly, half of this number were awarded 
in the natural sciences and engineering as may be seen in table 6. Of this total 
of over 136,000 holders of doctorates, about three-fifths were earned after 1950; 
thus the average age of these doctoral holders is fairly low—probably in the late 
thirties. Their employment distribution has been estimated from the National 
Register of Scientific and Technical Personnel maintained by NSF: less than 
one-half of the science and engineering doctoral holders are employed by aca- 
demic institutions; at least one-fourth are employed by private industry ; and the 
remainder are employed by Government and nonprofit institutions. On the other 
hand, considerably more than one-half of the Ph.D. holders in the social sciences, 
humanities, and education are employed by educational institutions—perhaps as 
high as 75 percent—with the remaining quarter in all other sectors combined 
(private industry, Government, and nonprofit institutions). 










Tas_e 6.—Estimated* number of holders of Doctor of Philosophy degrees by field, 
1959—United States 


Total, all fields__- 





136, 000 


67, 000 


Total, natural sciences, engineering and mathematics: 
















Total, social sciences, arts, humanities, education and other 


1 Estimated by NSF. 








The number of doctorates awarded in all fields has grown proportionately even 
more rapidly than the number of baccalaureates. Between 1900 and World War 
II, the numbers awarded approximately doubled every 10 years. The number 
of doctorates has increased from an average of about 1,000 per year in the 1920’s 
to 2,500 in the 1930's, to more than 3,000 in the 1940’s (even with the drop during 
World War II), and to about 9,000 per year at the present time. Over this period 
of time, the doctorates awarded in the sciences and engineering have declined 
slightly as a percent of the total. This trend has been accentuated over the last 
several years, largely as a result of the sharp increase in doctorates awarded in 
education. Table 7 shows the numbers of doctorates awarded in science and en- 
gineering and in all fields since 1950. 











TABLE 7.—All doctor's degrees and science and engineering doctor's degrees 


awarded, 1950-—58—United States 





















At one time considered to be a major step in meeting course requirements for in | 
the doctorate, the master’s degree is assuming less importance in many fields so exp 
that the graduate student will frequently work directly toward the doctorate Bes 
without meeting formal requirements for the master’s. to! 

Postdoctoral study is assuming increasing importance in many fields of science, the 
It usually represents further research in specified areas, but may also represent san 
“refresher” training to acquaint the mature scientist with new techniques and by 
developments in fields related to his own specialization. tor 
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Source: U.S. Office of Education. 
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The number of doctoral degrees awarded is expected to grow substantially 
in future years, provided adequate resources can be obtained for the required 
expansion of the facilities and staff of the universities awarding such degrees. 
3est available projections indicate that doctorates awarded may well increase 
to more than 10,000 in the early 1960’s and to more than 18,000 by 1970. On 
the assumption that doctorates in science and engineering will continue at the 
same relative proportion of all fields as currently, they will number about 8,500 
by 1970 as compared with 4,840 in 1958. As may be seen by table 8, more doc- 
torates are granted in education than in any other single field. The physical 


ADVANCED DEGREES AWARDED IN ALL FIELDS AND IN SCIENCE 
AND ENGINEERING, 1936 TO 1958 AND ESTIMATED TO 1970, 
U.S. and U.S.S.R. 
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4 
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® includes Kondidot degree in USSR. ond Doctorate in US 
Sources: U S. Office of Education and Soviet sources. 


sciences together represent a larger number, however, with the largest single 
discipline being chemistry with about 1,000 degrees awarded annually. More 
than 450 such degrees are awarded in physics. Other fields in which substantial 
numbers of doctorates are awarded include engineering with about 650 degrees, 
psychology with 570, English and journalism with 355, and mathematics with 
nearly 250. 
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TABLE 8.—Number of doctor’s degrees awarded by broad field, academic year 
1957-58—United States 





Number of 
Field doctor’s Percent 
degrees 


Total, all fields : 8, 942 


Natural sciences 


Agricultural sciences (including forestry). ......-.-.-...---- See ee 
Biological sciences (including health specialties !) 

Engineering —-_-_.... sigh ade hd ol ee bls ae Redes 3 ochalnicow oa derdale mk taed | 
Mathematics __-_- 

Physical sciences 

Psychology------ 

Other ? 


‘as 
+ > G0 to Im oo 


ho & on OOP OO 


| 
| 


Social sciences _----- 
Fine arts and humanities 
Education_.__....-- 


— i 


“163 oo 


| 


1 But excluding Ist professional degrees, i.e., M.D., D.D.S., D.V.M., etc. 
2 Includes anthropology, geography and ‘‘science, general program.”’ 


Source: U.S. Office of Education. 
ADVANCED-DEGREE HOLDERS AND GRADUATE TRAINING IN THE U.S.S.R. 


The principal system for graduate level training in the Soviet Union is the 
“Aspirantura.” Students proceeding beyond completion of the first level of 
higher education (i.e., the diploma) undertake further academic and research 
training in the universities and research institutions. The first academic degree 
awarded is the ‘“Kandidat Nauk” which is thought by many to be the equivalent 
of the doctorate in the United States, at least in the natural sciences and engi- 
neering. There is no U.S.S.R. equivalent of the American master’s degree, al- 
though in several fields the Kandidat degree is more nearly at this level. After 
receiving a Kandidat degree, a relatively small number of. professionals con- 
tinue to an even higher level of training and receive a “Doktor Nauk” degree. 
(Although not strictly comparable, study toward this degree may be considered 
similar to postdoctoral research training in the United States; this type of 
training is not recognized by the award vf a further degree in this country.) 

Currently, the U.S.S.R. has a total of about 105,000 who hold a ‘‘Kandidat” 
or “Doktor” degree—more than 10,000 of them hold the higher degree. A dis- 
tribution of 100,000 of these advanced-degree holders as of October 1958 is 
shown in table 9, and with minor exceptions this distribution is probably cur- 
rently accurate. More than three-fourths of the advanced-degree holders were 
in science and engineering fields—engineering alone accounted for more than 
one-third of the total in science and engineering. Medical personnel (including 
both practitioners and research workers) comprise the second largest group with 
nearly 25 percent. Chemistry, a field receiving increased emphasis in the 
U.S.S.R., is represented by about 6,000. The largest field outside of science and 
engineering was the combined group of history and philosophy with more than 
8,500 persons. 
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TABLE 9.—Number of advanced-degree holders by field, October 1958—U.S.S.R. 


Number of advanced degree holders 


Field Besse i l 
| 


Total | Kandidat 


Doktor 
Nauk : 


Nauk 


Total, all fields__. . . 100, 242 89, 960 10, 282 


Scientific, medical, and engineering-. 75, 679 66, 616 9, 063 
Agriculture and veterinarian_. 
Biology 

Chemistry 

Engineering 

Geography < 

Geology and mineralogy 
Medicine and pharmaceutics 
Physical-mathematical 


890 , 090 800 
332 }, 281 1, 051 
847 5, 199 | 648 
932 23, 869 | 2, 063 
600 1, 440 | 160 
184 | 2, 654 | 530 
, 119 | » 222 | 2, 897 


wor 


, 449 5, 861 914 


NI HIN 





Other fields of knowledge 


bo 
a 


, 563 | 3, 344 | 1,219 
Architecture 445 41 
Art 746 73 
Economics : 4,718 ‘ : 243 
History and philosophy-.-. 8, 670 359 
Law é | 1, 332 102 
Pedagogy. : 2, 272 80 
Philology. 5, 235 299 


Others | 1, 145 22 








Source: U.S.S.R. official publications. 


A survey of roughly half of the advanced degree holders shows that about 50 
percent of the Kandidat degree recipients in the period 1946-53 were between 
30 and 40 years of age upon receiving this degree. Approximately half of 
those obtaining the Doktor degree were between 40 and 50 years of age. This 
would indicate that the advanced degree holders in the U.S.S.R. are a somewhat 
older group in general than those holding doctorates in the United States. 

Information on the current activities of advanced degree holders in the 
U.S.S.R. indicates that over half of them are employed by institutions of higher 
education and another third are employed by scientific research institutes. An- 
other partial coverage survey of Doktor degree holders shows that a high pro- 
portion of them have considerable teaching experience—44 percent had between 
10 and 20 years and another 20 percent have more than 20 years. 

A large percentage of the advanced degrees in the U.S.S.R. have been awarded 
in the last two decades. At the Kandidat level practically all of the degrees 
were awarded in the period 1937-55. Table 10 shows the fields in which these 
degrees were awarded—the largest fields being engineering and medicine and 
pharmaceutics. 
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TABLE 10.—Number of Kandidat Nauk degrees awarded, 1937-55—U.S.8.R. 





Number of degrees awarded 


Field 









1937-40 | 1941-45 | 1946-50 | 1951-55 


Total, all fields : : 12, 553 9,756 | 22,744 | 43,620 88, A723 


Scientific, medical, and engineering 11,179 8, 202 | 17,410 | 29, 489 66, 280 





















Agriculture and veterinarian ___._.__- ‘i 908 712 1, 946 3,145 
Biology a a Sarees ; a 780 686 1, 536 2, 948 
Chemistry ; : : ; 499 452 1, 188 1,714 
Engineering _. 3, 786 3, 150 6,971 | 11,996 
Georgraphy ; 247 184 389 587 
Geology and mineralogy Sue 216 295 807 1, 028 
Medicine and pharmaceutics mee ._| 3,968 2, 223 3, 566 6, 109 
Physical-mathematical.__- 775 500 1, 007 1, 962 





Other fields of knowledge.. 





Architecture__. 


Art... se ees ; 3 55 93 202 372 
Economics : — eo ; 171 276 925 2, 347 
History and philosophy Ae 2 289 | 394 2, 158 5, 224 


Law... 


pinnae’ z racial 100 64 243 861 
Pedagogy_..._-_- sae ae iaaea : 3 242 222 618 1, 643 
I a ac feted os ‘ ae 311 385 1, 021 2, 834 
SPIED a wesssccn 









Source: U.S.S.R. official publications. 


The more than 10,000 Dokter degrees (a further advanced degree without a U.S. 
counterpart) awarded during this same period are shown by field of study, 
table 11. Here again engineering and medicine and pharmaceutics are the 
largest fields. From these tables it can be seen that the period 1951-55 was a 
particularly fruitful period for the awarding of advanced degrees at both levels. 
More than two-fifths of the candidate degrees awarded in science and engineer- 
ing fields in the 1987-55 period were in the 1951-55 span. 










TABLE 11.—Number of Dokter Nauk degrees awarded, 1937-55—U.S.S.R. 






Number of degrees awarded — | 

























Field ys ois ; ee a nl | 
1937-40 | 1941-45 | 1946-50 | 1951-55 | 
eaaiiilattoes eam i - - . - | 
I a eS 2,708 | 2,380 2,705 | 2,886 | 10,674 
Scientific, medical, and engineering_-- Jumivectaceocucus] meee) BG Bee ee 9, 390 
Agriculture and veterinarian el a Se i 75 181 | 207 | 294 | 857 
Biology_.__------- : cs ; ae 273 245 | 254 318 1, 090 
NE co icneankubonessc etek aerpe tls gece Sri ala emeiatehard wh 109 151 | 152 | 184 | 596 
TI tN osc aoe cee anew cm cpa as pauinwal 514 | 539 623 684 2, 360 
I ie eS ee ee ca 21 26 44 | 42 133 
Geology and mineralogy............-..----.--- artes 95 - 107 174 150 526 
Medicine and pharmaceutics - --..-_---- Shits Gian hivehertcms : 21a 698 697 681 3, 188 
Physical-mathematical . ...................-.-- ees 155 | 131 174 | 180 640 
Other fields of knowledge_.--.-.....---- BS oS aes eh eid | 249° 302 380 / 353 
DERG. occu ciccma nike saeeas KGaunecee sents cael 7 | 11 19 6 43 
Art. Seles ones ianoatian Seachem daniaacaiip sli wiGh cab ig aks ang eeioaleshic | 6 27 31 | 13 77 
Economics _ - oS a= Sater aleted oe a ghdede | 49 44 52 79 224 
History and philosophy - ---- ied cule soem keke atelecein ae 81 98 111 | 104 304 
BEER LEER EOE 26 | 26 44 | 27 123 
as ee eee ee a 36 26 | 24 30 116 
Philology eae L ee age en Lee ie salndnnd@aee tne on | 43 61 | 90 87 281 
Sa RS anes hei eeobmeeaaa 1 9 | 7 5 























Source: U.S.S.R. official publications. 






The sharp rise in the number of Kandidat degrees awarded, particuiarly 
during the period 1951-56, is attributable to the Government’s systematic pro- 
gram for stimulating the awards of Kandidat degrees to academic and research 
personnel nearly eligible for such degrees. This was done through a selective 
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draft system whereby they were officially encouraged to accelerate their Kandi- 
dat dissertational work while at the same time holding their jobs and pay 
status in their regular places of employment. 


PERCENT DISTRIBUTION OF ADVANCED DEGREES (occrers awanoeo 
AWARDED IN SELECTED FIELDS, 1955-1958, 1955-58 


U.S.....27,000 Doctorates 


U.S. and U.S.S AR. U.S.S.R. 28,000 Kandidat 


Degrees 


Percent 
100 


eee Y former Fields // 


Ys Social Sciences, / 


/ Yyyf, Arts, Humanities, 
Yfff | 


///, Education) //, 


//,Other Fields / 
‘(Social Sciences, 

/, Arts, Humanities, 
/// Education) 





‘Engineering 


‘Mathematical 
Soi 


Physical and 3 
Mathematical 
Sciences * 





* Ncludes Kandidot Degree in U S.S.R. and Doctorate in U.S 


Sources: U.S. Office of Education and U.S.S.R. sources. 


The administrative machinery for implementing this program began with the 
recommendation of the Council of Ministers that the Ministry of Higher Educa- 
tion work out a new postgraduate training program for the Council of Ministers 
approval. Thus, on November 17, 1950 the Council of Ministers approved the 
“Regulation on the Aspirantura in the Higher Educational Institutions and in 
the Scientific Research Institutes.” This regulation was instrumental in ac- 
celerating the completion of formal requirements by large numbers of aspirants 
to the Kandidat Nauk degree. 
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After a large number of the most qualified aspirants had obtained the degree, 
the number of awards began to decline. The system for accelerating the award 
of Kandidat degrees did result in an extremely sharp increase of such awards, 
particularly during the 1951-56 period, but it also resulted in the awarding of 
degrees to some less-qualified people. As recently as February 1960, the central 
committee of the party and the Council of Ministers indicated that “there were 
serious deficiencies in the training and attestation of academic and scientific 
research personnel * * * the Higher Attestation Commission under the Ministry 
of Higher and Specialized Secondary Education has not provided the needed 
control as regards the quality of the dissertations for the Kandidat degree.” 

In spite of these recent difficulties, there is no doubt that the U.S.S.R. places 
great importance on training at the Kandidat level. It can be expected that it 
will marshal all the resources of a mobilized education system to solve its prob- 
lems; it is therefore reasonable to assume that a steady increase in numbers 
trained at this level—and possibly a sharp increase—may be expected over the 
next few years. 

Emphasis on graduate level training in the U.S.S.R. has been placed on the 
scientific, engineering, and medical fields. About three-fourths of all advanced 
degrees awarded in the last 20 years have been in these fields and the propor- 
tion of current recipients of these degrees is about the same. The estimated 
5,000 Kandidat degrees awarded in 1959 continue this pattern of emphasis on 
science, engineering, and medicine. 

A similar emphasis on these fields is indicated by the fields of study of those 
currently enrolled in the Aspirantura. In 1959 about 23,000 students were en- 
rolled for advanced degrees as shown in table 12. Nearly 40 percent of them 
were enrolled in engineering and another 40 percent in the various branches of 
science and medicine. 


TABLE 12.—Number of students for advanced degrees (Aspirantura) by field of 
study, January 1959—U.S.S.R. 


Number of | Percent dis- 

students tribution 
Total, all fields_- ali a a ws oe winds insect oo simran va | 23, 084 100.0 
Seberititie: sriodicitin ie GTO OT TINE. oiicn a oo cn enc new enceecssxascne 18, 330 79.4 
Agriculture and veterinarian_--__....-...---- 4 sieges icc back Sabet 1, 633 wi 
ee OLE 2 2 PP ERO Eee si ah cesses edad icp ice iensl 1,053 4.6 
NEY - oc. du ase sdedsabaEbbncerhaccnewesaucascae elcabdahiste bing weialere 1, 186 5.1 
EES. NOL EE EN IIE AEE OE OO OLN A DS AEE 8, 890 38.5 
RNIN oo, Se ee DOMUMIL <2 inca ch nein eemeemeeee mae auiaiame 217 9 
nn in Oe ku anne ancguoseunsaduababeas 804 3.5 
Medicine and pharmaceutics. -----..-.-- : ies ito ape Rata 1, 843 7.9 
Physical-mathematical..-...........---- aceed aie ea tee 2, 704 11.7 
CE Is OE A lie ge sinc dees ans ncsctenenadekeseawwkae 4, 754 20.6 
NNR Deena Sete be Rhein aac dna nannnnkegteeiinaal eam 2 84 4 
Art_. sudhiel plies ea akeweioeee einaae I arab ote Gi tunanSotia scl ON od eas ii 358 1.6 
ek * SO Re . 5R4 6.9 
Eon GOON Re einen ecsausnecaneeSeneapwe aS 1,013 4.4 
ei gaa ae, Fe EAS EG AO, = arid Scant eed Cite naa 194 8 
RR Re ee nan sre cae eat a 440 1.9 
DIMMER. oicacdiowewes Lee ae ccvbedkocudnecdps Cena 1,081 4.7 








| 
| 
| 
j 


Source: U.S.S.R. official publications. 
SUBPROFESSIONAL AND SUPPORTING TECHNICAL STAFF 


In both countries there are substantial numbers employed in technical posi- 
tions requiring specialized training of a somewhat shorter and more applied 
character than that required to develop engineers and scientists. These occu- 
pations include the scientific and engineering aids, draftsmen, electronics main- 
tenance and repairmen, laboratory assistants, etc. They are usually considered 
to occupy a place in the skills hierarchy between the professional and the 
skilled worker. 

In the United States, there were an estimated 850,000 technicians working 
in the engineering and physical sciences fields in 1958. Approximately 600,000 
were employed in private industry, principally in manufacturing. These work- 
ers were trained through a variety of institutions including technical institutes, 
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vocational and trade schools at the secondary level, industry, and the Armed 
Forces training schools. 

Training for these occupations in the U.S.S.R is a part of the formal educa- 
tional system. About a million and a quarter (over 30 percent) of the popula- 
tion with specialized secondary school training in 1958 were in the occupational 
group known as technicians. This group includes some persons who have had 
only 2 years of schooling beyond the 7-year schools; others have had as much as 
4 years beyond the 10-year school. Thus, the graduates of the specialized sec- 
ondary system range from semiskilled workers in mechanical trades to highly 
skilled engineering and scientific technicians. In general, this training is de- 
signed to meet the needs of Soviet industry for technically trained persons. 


TECHNICIANS IN THE UNITED STATES 


Professional engineers and scientists are frequently assisted by workers in a 
variety of occupations covering a broad group of skills and loosely termed tech- 
nicians. These occupations typically include scientific and engineering aids, 
laboratory assistants, electronic technicians, draftsmen, etc. They are found 
performing functions in research, development, production, maintenance, prod- 
uct service, and repair. Technician occupations are generally considered to 
fit between the professional level of training and responsibility and the skilled 
level. Their duties range from simple routine tasks to work of a highly tech- 
nical nature which overlaps the work of the engineer and scientist. Technicians 
often utilize complex electronic or mechanical instruments, experimental labora- 
tory apparatus, drafting instruments, tools, and machinery. Sometimes they 
are employed in a supervisory capacity, and require both technical knowledge 
and management skills. : 

American technicians receive their training through a great variety of meth- 
ods. Some of the more conventional training systems are those of the technical 
institutes, the junior and community colleges, and the vocational and trade 
secondary schools. Large numbers, however, are also trained in the Armed 
Forces service schools, correspondence schools, and industrial classes, or acquire 
technician training through on-the-job experience and training. In past years, 
many were trained in Europe and migrated to this country. 

Technician training is in a stage of rapid development in the United States. 
It has been attaining recognition as a form of higher education; that is, it rep- 
resents training at a level beyond the secondary school and typically requires a 
prerequisite high school education. 

Somewhat more than 13,000 graduated in engineering-related curriculums of 
at least 1 year (but less than 4 years in length) from technical institutes, junior 
colleges, and similar institutions in 1957, the last year for which data are avail- 
able. An estimated 76,000 were enrolled in such courses of study at those in- 
stitutions. In view of the rapidly growing nature of such training, it is probable 
that not less than fifteen thousand to twenty thousand are currently completing 
such training each year, and enrollments are estimated at 100,000. 

Technicians represent a key group in any program to expand the potential in 
science and engineering. On the one hand, they serve to extend the profes- 
sional’s services by assisting in performing some part of his tasks; on the other. 
they interpret and direct other segments of the work force to utilize the appli- 
cations of science and engineering effectively. 


TECHNICIANS WITH SPECIALIZED SECONDARY EDUCATION IN THE U.S.S.R. 


The specialized secondary schools of the U.S.S.R. provide training of 2 to 4 
years in duration for the graduates of the 7- and 10-year schools (under the re- 
form to become the 8 and 11-year schools). They provide training not only in 
such fields as agriculture, economics, teaching, and technical subjects, but also in 
law, medicine, and pharmacy. They include levels of training ranging from that 
of the high school to that of the technical institute in the United States. 

Soviet sources report a total of about 4 million with specialized secondary 
education in 1958. Of this number about 1,250,000, or a third, are graduates in 
technical fields. These fields comprise several types of workers including the 
semiskilled in mechanical trades and high-level engineering and scientific tech- 
nicians. The length of training given these graduates varies from 2 vears beyond 
the 7-vear school to as much as 4 years bevond the 10-year school. This groun of 
technically trained workers has increased from a total of about 320,000 in 1941; 
in other words, this body of workers has quadrupled in a 20-year period, a con- 
siderable portion of which was disrupted by war. 













50 


PROFESSIONALS IN ACADEMIC AND RESEARCH ACTIVITIES 


A measure of the relative scientific research and education activities of the 
United States and the U.S.S.R. is the number of professional personnel engaged in 
research and training at the higher education level. 

In the U.S.S.R. a special group of academic and research personnel includes 
the most highly qualified research workers and the faculty of institutions of 
higher education. This group of “Nauchnye Rabotniki” (literally, scientific 
workers) includes the advanced-degree holders, the faculties of the institutions 
of higher education, responsible research investigators, etc. This group has ap- 
proximately doubled each 10 years since 1940, and numbered 310,000 early in 1960, 
Nearly three-quarters of them are engaged in work in the physical sciences and 
engineering. It is this group of highly qualified personnel (supplemented by 
some 200,000 other staff in planning, design, development, etc.) which the U.S.S.R. 
has mobilized to achieve the startling technological progress and scientific ad- 
vances of recent years. 

There is no comparable group separately identified as such in the United 
States. If, however, the faculty of institutions of higher education is added to 
the number of professionals engaged in scientific research and development in 
industry, government, etc., the total of 605,000 is reached. To this may properly 
be added another 10,000 advanced-degree holders not engaged in research or 
higher education for a total of 615,000, which provides an approximate com- 
parison. 

While the differences between the two countries are apparently large in this 
rough comparison, conclusions should be reached cautiously in view of the nature 
of the data. The apparent difference shrinks considerably when attention is paid 
to the indicated comparable data on science and engineering. An estimated 
223,000 of this group are engaged in such activities in the U.S.S.R. with a com- 
parable U.S. figure of about 400,000. The difference in numbers comes close to 
disappearing if any substantial part of the 200,000 personnel engaged in design, 
development, ete., are added to the U.S.S.R. total. 
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FACULTY AND RESEARCH AND DEVELOPMENT PROFESSIONAL 
PERSONNEL IN THE UNITED STATES 









Many of this Nation’s most able professional personnel, particularly those in 
scientific and technical fields, either are employed as faculty members in col- 
leges and universities or are engaged in research and development activities in 
industry, government, and other research organizations. Not all of our most 
qualified personnel are engaged in these activities nor are all such personnel more 
qualified than those engaged in other functions. However, the delineation of 
this group of personnel helps to quantify a good portion of our top level profes- 
sional personnel. In the Soviet Union this group of persons is characterized as 
“Academic and Research Personnel.’ The tabulation below is an attempt to 
identify for the United States a group somewhat similar to the U.S.S.R. group. 
However, it should be emphasized that comparability between these two groups 
is a most general one at best. 

More than 600,000 persons are included in the U.S. group described as higher 












education faculty and research-development professional personnel. The fol- 
lowing tabulation shows a distribution of these persons: 
Faculty and research-development professional personnel in colleges 

De PO a cage cl ae ea 280, 000 
Research-development professional personnel other than in colleges 

ane ci URN a iS ea Oe re 825, 000 


Other holders of doctorates 










Total 


By far the largest proportion of this group ure scientists and engineers, includ- 
ing nearly all of the research-development professional personnel outside of 
colleges and universities, at least a quarter of the higher education faculty, and 
probably half of the holders of doctorates outside of the other two sectors. 





ACADEMIC AND RESEARCH PERSONNEL (NAUCHNYE RABOTNIKT) IN U.S.S.R. 





At the core of the Soviet scientific and higher education effort is the academic 
and research personnel, or “Nauchnye Rabotniki.” This relatively small group 
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is comprised of the professionals who man the institutions of higher education 
in all fields, who carry on scientific research, and who comprise the membership 
of the scientific and learned academies. This group is responsible for the recent 
spectacular successes in Soviet science and technology. It includes the fields 
narrowly considered to be science in the United States but also fields of the social 
sciences and humanities, such as history and philosophy, economics, law, 
pedagogy, and philology. 
This elite group numbered about 284,000 in 1959, distributed as follows: 


In scientific institutions 
In higher education institutions 
In enterprises, establishments and administrative staffs 


ORGS i ie ne SE RRL Ge enlace natn eee etEs ae 284, 000 


It has continued to grow and is estimated at 310,000 in early 1960. 

This group, for which no similar body can be identified in the United States, 
includes all advanced degree holders in the U.S.S.R. It has grown from less 
than 100,000 in 1940 at a rate which approximately doubled the total by 1950 
and again by 1960. About 50 percent of its membership are engaged in the 
physical sciences and engineering; another 22 percent in the biological sciences 
and agriculture; and 26 percent in the arts, humanities, and social sciences. 

For some purposes, there should be added to this group about 200,000 profes- 
sionals who are employed in planning, design, development, geological survey, 
ete., organizations. This secondary group serves the more elite group and 
acts to supplement its works. 


WOMEN EMPLOYED IN SCIENCE 


Mr. Osrertac. Dr. Revelle, you mentioned a few moments ago some- 
thing about the number of women scientists engaged in this work, 
with the implication that women are excluded or not permitted or are 
not involved in scientific work in our country. Did you mean to say 


that we have no women scientists ? 

Dr. Revetie. I do not think we have anywhere near as many as we 
could have. This is not because of any formal exclusion of women, 
but it is because of the mores of this country. 

Mr. Osterrac. How do you account for that? 

Dr. Reverie. There is a very good article in this week’s Newsweek 
touching on this point of American women and their role in our 
society. It is basically the tremendous emphasis that we have devel- 
oped lately on togetherness of the family, and so forth. 

Mr. Tuomas. I gather when you talk with the Russians the first 
thing they start bragging about is equal work draws equal pay and 
there is no difference between the men and the women as far as in- 
dustry is concerned. They are defending all its women doing that 
street. sweeping at 4 o’clock in the morning in the streets of their 
cities, but they make no distinction between them. Their theme is 
“Equal Work, Equal Pay, and Equal Opportunity.” They follow up 
on it and they go to the high schools and universities, and so forth. If 
you go in their industrial plants you will find a lot of top jobs held 
by women. 

Dr. WatTerMAN. I can add something to this matter of the women in 
Russia working in scientific and related fields. If I remember cor- 
rectly, the majority of physicians in Russia are women. I believe, 
also, that about 30 percent of engineers in Russia are women, whereas, 
I think it is less than 1 percent in this country. Dr. Kelly’s staff has 
made a study on American women in science and engineering, and I 
think he has some information on Russia also. 
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Dr. Keiiy. Yes, sir. We have some information on the employment 
of women in both countries. Dr. Waterman is correct on the employ- 
ment of women as physicians and engineers, The situation, roughly, 
is that women make up an important part of the work force in both 
countries, but that the emphasis is different with respect to the kinds 
of work they are engaged in. Altogether, there are more than 20 
million employed women in the United States. About 2 million of 
these are classified in the professional group. About 40 percent of 
these are teachers and another 25 percent are nurses. According to 
the U.S. Census Bureau, about 12 percent of our scientists, about 6 
percent of our physicians and surgeons, and about 1 percent of our 
engineers are women. On the other hand, the great difference is il- 
lustrated in estimates that about three-quarters of the professional- 
level workers in medicine in Russia are women, as are about 30 percent 
of the engineers. 

With respect to college graduates and advanced degrees, about one- 
third of our baccalaureate degrees are awarded to women as well as 
well as about one-tenth of the doctorates. The difference between the 
two countries, again, is one of areas of specialization. Both countries 
are training large numbers of women as teachers. Beyond that, the 
U.S.S.R. is training women predominantly in the health professions 
and engineering, while greater numbers of ours are in the social 
sciences and the humanities. 

Mr. Tuomas. Could you provide a more formal statement on this 
subject for the record, Dr. Kelly ? 

Dr. Ketiy. Yes, sir. 

(The information requested follows:) 


PROFESSIONALLY TRAINED AND EMPLOYED WOMEN WORKERS 


Women represent a substantial proportion of the work force in both the United 
States and the U.S.S8.R., particularly in the professional occupations. While the 
measures which must be used for comparisons are deficient in some respects, 
they are sufficiently alike that major points of similarity and dissimilarity are 
clear. 

About 21 million women are employed in the United States in all occupations. 
Of this number about 2.7 million are working at “professional, technical, and 
kindred” jobs. This number represents about 37 percent of all such workers. 
Of the 2.8 million professional workers (i.e. those who have completed higher 
education) in the civilian economy of the U.S.S.R., about 1.5 million or 52 per- 
cent are women. 

An inspection of the fields in which women are professionally employed in the 
two countries shows significant differences. About two-thirds of the women 
working at this level in the United States are either teachers or nurses, and 
they account for 75 and 98 percent of the respective totals in these two occupa- 
tions. In the U.S.S.R., education and medicine also account for about two-thirds 
of the professionally employed women and they comprise 65 and 75 percent of 
the respective occupational totals. However, in the U.S.S.R., about 16 percent 
of the professionally employed women are in engineering, and they represent 
nearly a third of the total in that occupation. 

Currently about one-third of the baccalaureates are awarded to women in 
the United States, and about one-tenth of the doctorates. In the U.S.S.R., about 
half of those enrolled in higher education are women, and women hold about 
20 percent of the advanced degrees. While women in both countries are trained 
in the greatest numbers in education, very large numbers are trained in the 
U.S.S.R. in the health professions and in engineering. In the United States, 
large numbers are trained in the social sciences and humanities. 
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UTILIZATION OF WOMEN WORKERS IN THE UNITED STATES 


Women form an important segment of the labor force in the United States 
with more than 21 million employed in 1959—about one-third of all employed 
persons. Nearly two-fifths of all professional, technical and kindred workers are 
women, and this group of women workers forms nearly 13 percent of all em- 
ployed women. While teaching and nursing have traditionally been the largest 
occupations of women professional workers, there has been considerable diversi- 
fication among the professions entered by them. In 1950, of the 2 million women 
classified in the professional group, more than two-fifths were teachers and 
nearly another quarter were nurses as shown below. ‘These proportions have 
not greatly changed. 


Number em-| Percent of 
ployed all workers in 
(thousands) | occupation 


Total... 1, 940 


Teachers, not elsewhere classified 
Nurses, professional and student professional 


835 
463 


Librarians..-- 

Authors, editors, and reporters - : 

College pre sidents, professors, instructors, not elsewhere classified _- 
Accountants and auditors 

Medical and de ntal technicians and ther ipists and healers-_-- 

Other technicians... 

Natural scic ntis ts , int ‘luding chemists 

Architects 

Dentists 

Draftsmen 

Engineers 

Pharn 


49 
35 
29 
56 
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21 
13 
I 


1acists 
Physicians and surgeons 
Other 





err 
AROS Sm HK GoDoc 


Dietitians and nutritionists_-..- 21 





| 
| 


Source: U.S. Bureau of the Census. 


There has been a steady upward trend in the educational level of women 
workers. In 1958, oue-third of all bachelor’s degrees were awarded to women, 
almost one-tenth of the doctorates. At the bachelor’s degree level by far the 
largest numbers of degrees for women were in education, the next largest were 
in social sciences, followed by English, journalism, foreign language and litera- 
ture. The proportions were roughly the same at the master’s and doctoral 
level. About 7 percent of the baccalaureates awarded to women were in the 
health professions, and less than 6 percent were in natural sciences. Degrees 
in engineering were negligible. 

As may be seen from the information on numbers being trained and the num- 
ber employed, women play a relatively minor role in scientific and technical 
employment at the professional level. Probably not more than 10 percent of 
scientists (strictly defined) in all fields are women, less than 1 percent of the 
engineers are women, and over 5 percent of professional medical workers, 
excluding nursing, are women. This is not to say that women play an in- 
significant role in these fields. There are outstanding women scientists and 
engineers, and in some fields of sicence they are a substantial proportion of 
the total. 

Psychology, chemistry, and the biological sciences are the largest fields of 
employment of women scientists. Furthermore, women constitute more than 
20 percent of the teaching faculty in institutions of higher education. The 
traditional fields for women (health professions, education, home economics, and 
library sciences) have the laregst proportions of women faculty members. 

The relatively small role that women play in scientific and technical employ- 
ment is not a matter of ability but rater of personal choice and motivation. 
Traditionally, fewer women than men attend college and still fewer go on to 
graduate training. Many of those receiving training in science and engineering 
as well as all other fields, either do not enter the labor force or leave it because 
of other obligations—marriage and children. There is also a strong tendency for 
those women who do make science their careers to concentrate in a relatively 
small number of scientific fields. 
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WOMEN PROFESSIONALS 





IN THE U.S.S.R. 


The U.S.S.R. has been singularly successful in supplementing its Civilian 
work force by the use of women workers at all levels. Heavy male losses dur- 
ing World War II and the expanding labor requirements of a rapidly growing 
industrial economy together have placed a severe strain on U.S.S.R. manpower 
resources. The natural desire to acquire additional income to improve the 
family living standard above the Spartan levels permitted by the Soviet economy 
has been a large factor in encouraging women to participate in the labor force, 
The state has further encouraged and made such participation possible by a 
liberal investment in maternity and child care benefits. 

Women employed in the civilian economy and trained at a level equivalent to 
U.S. college and university training numbered nearly 1.5 millions in 1958, and 
actually represented about 52 percent of the total trained at this level. The 
tabulation below shows numbers of women employed and percentage of women 
to totals by fields of study. 








Number of Percentage 

women with women 
Fields higher edu- to total 

cation and employed 


employed 








ee ed a ee nae On oe Sek on heats hive | 1, 467, 100 &2 





IIR RC fort od 4B > ooo se oe Sie ab ieuisaaeboiomanmonaneen 73, 400 88 
CII ede ha ana be hace abatinearcennuedusmn 89, 800 57 
ee ee eb ac enecedeenue 744, 200 65 
II 3 oS ae nae enn eelnaeencancmabn hein 236, 700 29 
eS As eee ae er puadwacatesenboecssueuseneee 18, 500 32 
in Sd a gad eens diooed 259, 500 7 
J SES ae ee ee cit Sab peeuleutaciaad ab oseeceammmeda 45, 000 










1 Includes sciences. 


Source: U.S.S.R. official publications. 


It will be noted that women professionals particularly represent a large per- 
centage of the total in medicine (75 percent) and education (65 percent). Even 
in engineering, a field traditionally reserved for males in most countries, 2! 
percent are women. 

At the secondary school level of training, the pattern is repeated. About 65 
percent of the civilian economy workers with specialized secondary school train- 
ing are women. Again medicine and education are the fields particularly 
dominated by women (91 and 80 percent). However, 74 percent of the workers 
trained in economics at this level are women, as are 40 percent of those trained 
in “technical” subjects. 

The highly trained academic and research personnel category is composed 
of about 36 percent women, and about the same percentage holds true for the 
faculties of higher education institutions. An estimated 20 percent of the ad- 
vanced degree holders in all fields are women. 

In the foreseeable future, the proportions of women in the U.S.S.R. profes- 
sional work force will probably not shift greatly. About half of the students 
currently enrolled in higher education are women, and they may be expected to 
continue to dominate the fields of education and medicine. The proportion en- 
rolled in engineering is about the same as current employment in this field. 















QUALITY OF TRAINING 





IN SCIENCE 





Mr. THomas. 
members. 

Dr. WArerMAN. One point that Dr. Stratton commented on is the 
quality of our education. I think everyone is pretty well aware of 
this and we have spoken about it many times. We do a very good 
job, and our major universities certainly give the very best possible 
fateine Our weakness is in the large number of colleges and uni- 


versities where it is difficult to get good science teachers and good 


Now we want to hear from the distinguished Board 
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science research people. We could broaden our potential very greatly 
if we strengthened these institutions. Another place where we need 
additional strength is in the teaching of science in the lower grades 
and the secondary schools. That. is ‘the time when students et in- 
terested and show aptitude and are either encouraged or discouraged 
to go ahead. This is really where we need to make a decided effort. 
As” you know, many of the programs of the Foundation that your 
committee has backed very strongly deal with these questions of im- 
prov ing quality of instruc tion and e: rly training in science. 

That is where we need re: ally to take important ‘steps. 

Dr. Gross. Could I comme nt broadly on this thing? 

I think the chairman’s comment earlier focused on education. 

Mr. Tuomas. Dr. Gross, you may proceed. 

Dr. Gross. As I see the situation, the Russian educational develop- 
ment really, as someone here commented, is a further move in the di- 
rection of a good European “continental” education. This type of 
education we all have respect for historically, and for its merits— 
which are real. The continental system has never, however, been 
broadly based so as to include large segments of the population. In 
England it has been largely confined to a limited number of peo- 
ple. By and large, these have been highly selected, good people. 
I think the danger from the Russian situation vis-a-vis ours is that 
they have taken the best elements of the continental system of educa- 
tion and applied them broadly to a huge population. This is where 
we face what many of us believe is a real I challenge. 

With reference to the echelons that one needs in science, I would 
roughly estimate these as three. There is the very brilliant genius, or 
near-genius. Such people are very badly needed in any country in 
connection with the future development of science. 

Mr. Tromas. And, you cannot tell from whence he is coming; can 
you ? 

Dr. Gross. No, sir. The second echelon is a group of people of very 
high talent, and we have many of those in this country. Then, be- 
yond these two categories in any development of science and tech- 
nology of any magnitude for industry or defense in a nation, a third 
still ‘larger i in numbers is needed. These are sc ientists, shall we say, 
not at a routine, but at a working level in science who are required 
to staff numerous laboratories for research and development in gov- 
ernment, industry, and the universities. Into this category there is in 
Russia a tremendous input of trained scientists from all the informa- 
tion I have and others have. 

Mr. Tuomas. How do they compare in that regard with us? 

Dr. Gross. I do not think we are really as good in this particular 
direction as the figures of Dr. Kelly and others who are acquainted 
with the Russian situation indicate and as the studies the National 
Science Foundation has subsidized very clearly show. 

Dr. WATERMAN. I agree that the U.S.S.R. is doing very well in this 
category. The Russians are making real progress, “Our most critica 
need in the United States is to continue to improve our science a 
cation and to increase our effort. If we relax or become complacent 
as we are in danger of doing we can fall behind very quickly. 

Dr. Gross. I think the real danger is the large complex picture. 
The situation in Russia is not a new one, but it is an adaptation of the 
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continental system which has been shown to have very great strength, 
historically, but has been applied to broad populations in only a few 
instances. Even in Germany between the last two wars this reached 
relatively few people. 

The outstanding professor at a typical German institute of phys- 
ics—and I studied in one years back-—paid attention to the brilliant 
half-dozen. The other students had relatively little attention paid 
to them. 

I think the difference we are facing today in the case of Russia is 
that they have applied this system w idely and backed it with federal 
funds, and liberal incentive rewards so that it now operates broadly 
throughout the population. I think this has relevance to your com- 
ment, Mr. Chairman. From such a situation where one does provide 
these facilities and buildings and teachers for large numbers of stu- 
dents, there is a high pi obability of having the emergence of highly 
gifted exceptional individuals. ‘These are the scientists—few in num- 
ber—who can show the way, so to speak, to breach the ramparts of 
our incomprehension of “inscrutable nature,” and who lead the way to 
the new vistas and frontiers beyond. If we do not provide parallel 
opportunities, facilities, and good teachers for large numbers of stu- 
dents under our own system, I think we are in a very dangerous 


position. 
Mr. Tuomas. We are depending upon Dr. Kelly and his staff, when 
he gets back to the office, to really spell out this problem in detail and, 
certainly, it should be emph: isized and encouraged. 
In other words, every student goes to school free of cost. 


















Mr. Yates. All the way ? 
Mr. Tuomas. All the way. But not only that, added incentives are 
given. The harder he works and more brilliant he is, he gets a little 


bit more than the echelon beneath him. It is subsidized from A to Z. 
Dr. (¢ And there is great rigor in the lower grade curriculum. 
Mr. Tomas. Excuse me for interrupting you. 


b 
rROSS. 











QUANTITY OF 





OCEANOGRAPHIC RESEARCH 





Mr. Yates. Dr. Stratton indicated that we were not nearly equal 
to Russia in terms of quantity, but we w ere seeking a preeminence in 
quality. I am not sure what is meant by ‘ ‘quantity.’ * For example, 
I asked Dr. Revelle some questions with relation to oceanography re- 
search, The impression I received from him with respect to quality 
is that we are better or at least on a par with them. 

Dr. Waterman. At the moment. 

Mr. Yates. But that the trend is to the contrary, he said. The 
question I want to ask is with respect to quantity of oceanographic 
research. Have we made up our minds that we can compete more in 
terms of quantity of oceanographic research, or is this conclusion 
predicated on the belief that you do not need as much research ? 

Dr. Revetxe. I think the National Academy Committee, of which I 
am a member, would take the position that we should increase the 
quantity as well as raise the quality, Our proposals have been di- 
rected toward both these ends in the belief that we can do both. 

Mr. Yates. We cannot do both. 

Dr. Revetie. That we can do both. 

Mr. Yates. We can do both in the field of isboaavogiunstiy'? 
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Dr. Revetxe. In the field of marine sciences, that we should do both. 

Mr. Yates. In what fields are we inclined not to do both, or are 
we not seeking quality and quantity, or have I misinterpreted 
your statement ? 

Dr. Srratron. No, sir. If I may, I would like to go back to the 
question on schools. My statement ‘about quantity and quality comes 
down to this: There are two factors working against us. First, their 
total population is large and growing larger, and second (and more 
importantly), the Russians have a dedication and a conviction and 
feeling about. the overriding importance of science and technology 
for their future that we do not fully share. I am not saying they are 
wholly right. This obsession for science and technology at the ex- 
pense of other areas of scholarship may have long-term consequences 
that we cannot now foresee. But, we Americans are concerned with 
survival this year and next year and the year after, as well as with 
the long term. We have strong leaders in certain fields of science, 
such as oceanography and nuclear physics and in certain areas of 
biology, and in these fields we compete both in quantity and quality. 
Nevertheless, when one examines the average level of instruction in 
our elementary schools, our secondary schools, and even in our uni- 
versities, it is difficult to believe that we are going to maintain our 
position with respect to the Russians in every field over any extended 
period of time. We do not enjoy at this moment equal resources in 
education. In short, I think it impossible for us to mobilize the equiv- 
alent amount of manpower in every field of science and technology 
as the Russians. It seems to me this leaves us only one alternative: 
To do superbly well those things we do undertake. 


EVALUATION OF EDUCATIONAL SYSTEM SUPERIORITY 


May I revert again to the question with which Mr. Thomas opened 
this hearing. It was the question whether our educational system is 
not, in fact, vastly superior to that of the Russians. I would like, if 
I may, to add this to the record. 

Mr. Tuomas. Weare delighted. 

Dr. Srrarton. I share completely the views expressed by Dr. Gross, 
and I think they are completely sound. I too am aware of the increas- 
ing number of recent statements to the effect that the American plan 
of education is, in fact, superior to that of the Russians and we ought, 
therefore, to relax. I feel bound to contradict that view. We can by 
no means afford to relax. But this does not mean necessarily that we 
should adopt the Russian system for our own. I do not think that 
there is any such simple solution to our problem. A system which 
may be advantageous for a people brought up in the continental tra- 
dition and which m: ay work under a government with totalitarian 
authority cannot be transferred intact to the United States. Our 
system of education is indigenous to the United States and is based 
on the ideals and the history of our country: it draws upon our tradi- 
tions and background and is related to the things for which we stand. 
To this extent I do defend the American system against the Russian. 
But on the other side, and against all those who view our present 
situation with complacency, I must say that it seems to me that we 
lack in this country the intensity of feeling of the Russians about the 
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role of education and the essential conviction that education and 
science are of overriding importance for our national survival. We 
fail also to recognize that we are in competition not only with Russia 
and China but must soon meet a new kind of competition from newly 
emerging countries all over the world. Even if there were no Russia, 











education and research such as has been undertaken by the Founda. 
tion. That program must eventually reach down into the secondary 
and elementary schools all over the ¢ ountr y. 

Finally, I would like to make one other point. 





PROPER 

















BALANCE IN AMERICAN 





EDUCATIONAL SYSTEM 


It happens that I represent a technological institution, and my pro- 
fessional life has been concerned with education in science and engi- 
neering, but by no means do I believe that the sole key to the survival 
of the United States lies in a complete concentr ation on science. It 
would not be in our best interest to convert the high schools com- 
pletely into institutions of scientific training. That is what the Rus- 
sians have done in very large measure. We must seek a proper balance, 
There is, in my opinion, need for a great deal more science in secondary 
and elementary schools. They must be taught more intensively than is 
now generally the rule, but the aim of these studies should not be 
merely to produce scientists and engineers. A knowledge and under. 
standing of science must have an increasing part in the education of all 
people who live in this modern world. 

Mr. Yares. I wonder if I may continue with regard to your last 
statement. When you said what the Russians have done to a large ex- 
tent is to convert their schools to science, the fact. remains that the 
Russians are also studying languages, and that they are studying social 
sciences as well. 

Dr. Srrarron. Yes. In the field of linguistics, for example, they 
appear to be doing superior work. From all that I can ascertain, their 
work in linguistics is outstanding. But although they do study lan- 
guages intensively, it is my impression that, their interest is one of 
utility rather than a literary interest. 

Mr. Tuomas. Their interest in languages is geopolitics. 
the language so that they can understand the 
nomics of a particular country of the world. 

Dr. Strarron. It contributes to their main goal. 







They want 
geography and the eco- 










QUALITY AND QUANTITY OF RESEARCH 


Mr. Yates. Continuing my questioning on this question of quantity, 
do I understand your argument to be that we cannot compete in the 
quantity of personnel ? Is there any reason why we cannot compete in 
the quantity of funds set aside for the purposes of scientific research ! 

Mr. Srrarron. There is no reason why we cannot compete in that. 

Mr. Yates. Insofar as the activity in the scientific community is con- 
cerned where we are engaged in polar research, geophysical studies, 
astronomy, mathematics, marine sciences, and so for th, how do we rate 
quantitatively with the amount of research they are engaged in? 

Dr. Revelle indicated that their program is more extensive than ours, 
but that we hoped to catch up. What is the status of the other pro- 
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grams? Are they conducting much more extensive scientific programs 
in the other sciences as well ? 

Dr. Gross. As one looks at the literature of science—the published 
papers—one has to be very careful not to use numbers alone, as the sole 
criterion. Nevertheless, from an earlier position where it was not im- 
portant for a scientist in the general sense in any particular field to 
know Russian as a working language to understand science in this area, 
the importance of the Russian language as a working tool of scientific 
knowledge is now in a position where it is probably second to English. 
There was a time when the German language was second to English, 
or still earlier when the English language was second to the German 
language. I think the others will confirm my view about this. Is that 
not about the picture ? 

Dr. Ketiy. That is certainly the trend. 

Dr. Gross. I do not say that I have answered your question, but I 
do say there is a very steep rise in the contribution to science by Rus- 
sians if one looks over a period of time, of say, 20 years. 

Mr. Yarrs. You have emphasized the importance of the Russian 
language in the scientific field. I was seeking a much more factual 
answer, if one is available, and that is with respect to the question as 
to how much Russia is doing in individual fields of science in relation 
to what. we are doing in those fields. Do we have such information ? 

Dr. WarermMan. Wedo. I spoke a little of that previously. 

Mr. Yarrs. You talked about the quality in those individual fields 
and not the quantity. 

Dr. Sears. The last time I saw a personnel directory of the field of 
climatic history in which I am interested, there were several times as 
many Russian as United States workers listed. 

Mr. Yates. ])oes this mean that because of the number of people 
trained in the field their quality is better ? 

Dr. Sears. Their quality is very good. 

Mr. Yarers. The quality is good, but what about the quantity of 
the research itself? Does it keep pace with the number of personnel ? 

Dr. Sears. I would say so. 

Mr. Yates. Is this true of all the fields? 

Dr. Sears. That is the only field that I can speak of. 

Dr. Waterman. By and large that is true; the quality is keeping 
pace with the number of trained personnel. 

Mr. Osrertac. I think that any one of you can answer this question. 
It is a little bit difficult for me to get a perspective with regard to 
quantity. I can understand what you mean when you talk about 
quality in research, particularly when we are talking about unknown 
quantities. If we mean in basic research something that we have not 
found but we are seeking, then how do you measure quantity in con- 
nection with that? Is it numbers of people and hours of effort, or 
is it dollars, or is it a combination of those things? 

Dr. Srrarron. When I spoke of quantity I was referring to the 
number of people in any given level of training. It was not on the 
basis of dollars but of people. I doubt very much whether we would 
be wise nationally to convert the proportionate number of our total 
population to these endeavors because I think in the long term other 
things will suffer. 

Mr. Botanp. We donot have to do that. 
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Dr. Strratron. We do not have to do that. But what we do, I say 
we must do superbly well. That does not mean we should not spend 
the money, I think that we should spend the money, but in accord 
with some thoughtful plan. We recognize we cannot do all things 
but what we do weshould do outstandingly well. This is true whether 
we do it in education, or in research or in engineering. 

Mr. Yares. What you are saying is the Russians are doing it su- 
perbly well because, according to Dr. Revelle, their work is of the 
same quality as ours. They have numbers in addition to the superb 
quality. 

Mr. Osrerrac. Quantity and effort would mean the same. The 
degree of effort would be the yardstick of quantity. 

Dr. Srrarron. The degree of effort, yes. This is a subtle mat- 
ter. It does not necessarily mean that because you put a lot of people 
on a project and a lot of money in a project you make very much 
advance. Our only defense is to wisely use well-trained people—and 
give them enough resources to do the things that are most important, 

Mr. OsrertaGc. We have been using the words “quality” and “quan- 
tity” here in its relationship to science. I thought a little clearer 
point on the quality of quantity was important. 






IMPROVEMENT OF SCIENCE EDUCATION 






Mr. Botanp. In the field of education are you satisfied with the 
stimoulus that the Nation has provided through the Federal Govern- 
ment or State and local communities? Are you satisfied over the 
last couple of years with that stimulus? Are we meeting the chal- 
lenge? What do we lack and what must we do? 

Dr. Waterman, It is not nearly enough with respect to the teach- 
ing of science. There you have the old problem of what do you do 
about the position of the secondary school teacher of science. You 
cannot get good teachers—or good people in any field—without in- 
eentives, and salary is one of the important incentives. A person has 
to have a competing wage or he will not go into the work. You 
cannot blame him. Fora half dozen years at least there has been talk 
about what we can do about raising teachers’ salaries in the secondary 
schools. Nothing much happens except in a few localities where the 
citizens get excited and do something. That is a very serious ques- 
tion. It goes to the heart of the whole thing. There is not only 
the question of salaries; teachers must also have opportunities for 
advancement, better community status, opportunity to study their 
subjects and keep on top of them—all the things that go into making 
a career attractive. 

We have tried to meet the problems of science education, as you 
know, in several ways. Below the college level, several areas need 
improvement. Students in the schools must know what science is $0 
that the right ones will be properly motivated to continue in it. In 
this area we have visiting scientists, traveling science libraries, summer 
training for secondary school students, and other programs. The 
results of these experimental programs seem to be very good. The 
support provided by this committee to the programs for supplemental 
training of science teachers is paying off in a most satisfactory way. 
Teachers in other fields, and school administrators, are seeing the 
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value in such additional subject-matter training, and I believe that 
these efforts will help to strengthen the entire educational system. 
Another large area is course- -content improvement. When we have 
well-trained teachers and students who are interested, then it is vital 
that the science they study reflects the status of science as it is now. 
The effects of our efforts—notably in high school physics, which is 
farthes ing reflected surprisingly soon. It is a compli- 
cated busine to get such new and unfamiliar materials into the 
curriculum, but it 1s beginning to happen, and according to indica- 
tions the speed will pick up rapidly. We are working ‘toward im- 
provement of the whole picture of science education—not just a 
piecemeal approach. 

Mr. Ostertac. Has the Defense Education Act had any effect on 
this? 

Dr. WATERMAN. Certainly. So has our activity at NSF. The 
efforts of the Office of Education and of NSF are both very helpful 
and complementary. But we do not see yet that the teachers’ salaries 
have been raised to compete with other jobs. Many secondary school 
teachers have to get a job in the summer to make ends meet. Inciden- 
tally, we have not talked very much about the quality of our teachers in 
terms of preparation for science teaching. This is one of the key 
points. It is one thing to say that a certain number or percentage of 
students is studying science in the United States as compared with 
Russia. It is quite another thing to try to compare what they learn. 
An important factor here is the preparation of teachers as far as sub- 
ject-matter knowledge is concerned. The staff has some material on 
this subject. Mr. Chairman, would you like Dr. Kelly to speak briefly 
to the subject of teacher preparation at this time? 

Mr. Tuomas. This is a part of the general question that we are in- 
terested in. Will you also have something for the record on this topic, 
Dr. Kelly ? 

Dr. Ketiy. We can prepare quite a lot of material for the record, 
and I can provide some of the highlights now. 

Mr. Tuomas. Go ahead, Dr. Kelly. 

Dr. Ketiy. We have placed a heav v emphi isis on the subject-matter 
preparation of our science and mathematics teachers as an important 
key to the quality of instruction that our students will obtain. We 
feel that we still have a long way to go, but the results of the general 
effort. in the country along this Tine—including our own programs— 
are highly encouraging. Most encouraging is the response of the 
teachers themselves. They are taking advantage of opportunities to 
improve their knowledge ‘of the subject they teach. They are iden- 
tifying themselves as a part of the scientific community and already 
within the space of 4 or 5 years T think we can see a re: ally significant 
improvement in science and mathematics instruction at the secondary- 
school level. This does not mean that the task has been finished. Tt 
means simply that we have found effective ways to meet a fundamen 
tally serious problem. One of the most import ant things is that 
communities, States, and Federal agencies sustain the support that 
these teachers have been receiving so that they can continue to im- 
prove their teaching effectiveness. 

Mr. Troomas. We must have confidence in the people who are work- 
ing hard to improve our whole educational system. 
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Dr. Ketiy. This has been the basis for our entire effort, Mr. Chair. 
man. I have some information here about teacher preparation which 
[I should like to summarize very briefly, if I may, because I think it 
will help to put this whole problem into a better perspective. 

Mr. Tuomas. Go ahead, Dr. Kelly. 

Dr. Ketty. In the first place, the science teacher situation is quite 
different in the two countries. Since science is taught formally begin- 
ning in the fifth grade in Russia they use a larger “number of special: 
ized teachers than we do at present. In the U.S.S.R. there are well 
over 400,000—nearer 425,000—teachers of science subjects in grades 5 
through 10 or 11. We estimate that in this country about 150,000 
teachers teach these subjects in the junior and senior high schools. 

A larger percentage of our science and m: 1thematics teachers have 
complete «1 4 or even 5 years of college. In most States, a degree is now 
required to begin teac hing at the second: ary-school level; in some places 
a master’s degree is required. In terms of degrees, therefore. US. 
teachers may “be considered to have met fairly high standards; as I 
shall point out later, however, their subject-matter preparation often 
leaves much to be desired. On the other hand, probably only one-half 
of the present group of science and mathematics teachers in the 
U.S.S.R. have completed 4 or 5 years of higher education. Many 
of the others have had a 2-year institute course, and about 10 percent 
have not had more than secondar y-level training. 

The regular pedagogical institute 5- year training program in the 
U.S.S.R. is impressive. Nearly two- thirds of the instruction of 
mathematics and physics teachers will be in the two subject matters 
and related technical training. In the United States, teacher training 
is carried on by the universities, liberal arts institutions and teac hers 
colleges. The individual States set up qualification requirements, and 
there is great variation throughout the country. There is growing im- 
provement both in State certification requirements and in the eradua- 
tion requirements of the colleges and universities as far as preparation 
for secondary-school teac hing i in science and mathematics is concerned. 
For example, even though certification still requires a considerable 
number of credit hours in pedagogy—some of which is essential—an 
increasing number of colleges and. universities which prepare high 
school teachers require at least a major and a minor in teaching fields— 
in this case science or mathematics. For elementary school teachers it 
might be three minors in subject-matter fields rel: ated to the subjects 
taught in the elementary schools. The principal problem here is 
einihs ir to that in all other aspects of science education. We must con- 
tinue to stress the quality of science instruction—in this case for 
prospec tive teachers. There are many evidences that here, also, the 
scientists and science teachers responsible are making progress. 

As far as our inservice teachers are concerned, they are among the 
first to agree that most of them need additional training in the sub- 
ject matter of science itself. Some completed their formal education 
years ago when requirements were less stringent—and they had actual- 
ly very little formal tr aining in science or mathematics. Some have 
been converted from other fields, and their formal training in science 
is generally quite weak. Many others, or iginally well tr ained, have 
not had opportunity to bring their know ledge up to date. 

We completed a staff study a few weeks ago in which it was esti- 
mated that there have been approximately 7 5,000 enrollments in NSF 
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programs for this type of training between 1954 and 1960. About 
30,000 teachers will participate in these programs this year alone. 
Of course, there are duplications in these figures, but many teachers 
need a combination of these courses in order to fill out their training 
and bring themselves up to date. 

There are a number of problems in this connection that we are study- 
ing. Nowhere nearly all of our high school science and mathematics 
teachers have been able to supplement their training to the desired 
level, and the introduction of new course content materials will cre- 
ate new problems for a great many teachers. While our ultimate 
goal is to be able to reduce these programs, it looks now as if our sup- 
port must be sustained. We cannot afford to let down just because 
we begin to see some good results. We are, however, as you will note 
in the justification, making some adjustments in emphasis among the 
programs for supplemental teacher training in order to achieve the 


best results that we can. 
Mr. Tuomas. Thank you, Dr. Kelly. Will you have your notes ex- 


panded for the record ? 
Dr. Ketxiy. Yes, sir. 
(The material requested follows :) 


ScIENCE AND MATHEMATICS TEACHERS AT THE SECONDARY ScHOooL LEVEL 


The U.S.S.R. system of specializing in science and mathematics instruction at 
grade 5 requires a substantially larger number of specialized teachers of those 
subjects than the U.S. system. About 427,000 such teachers are employed in 
U.S.S.R. grades 5—-10(11) while an estimated 150,000 specialized teachers of sci- 
ence and mathematics are employed in U.S. junior and senior high schools 
(grades 7-12). 

Nearly all of the 150,000 U.S. high school teachers of science and mathematics 
have completed at least 4 years of higher education and many of them 5 or more. 
In contrast, about one half of the U.S.S.R. science and mathematics teachers, 
who are somewhat better prepared than the other teachers, will have completed 
4 or 5 years of higher education—but this means over 200,000 Russian teachers 
are trained to this level. Many of the science and mathematics teachers will 
have a 2 year institute course, and perhaps 10 percent not more than secondary 
school training. 

The regular U.S.S.R. pedagogical institute training program of 5 years is an 
impressive one. Nearly two-thirds of the instruction of mathematics and physics 
teachers will be in the two subject matters and related technical training. 
Teacher training in the United States is carried on by the universities, liberal 
arts institutions, and teachers colleges. Length and character of training is de- 
termined by the State certification authorities and the institutions. It is gen- 
erally believed that most of our science and mathematics teachers are in need 
of additional subject-matter training. Relatively large efforts to help amelio- 
rate this situation are now being made in various ways; one of the significant 
activities in this direction is the program of teacher training institutes being 
sponsored by the Federal Government through the National Science Foundation. 


TRAINING OF SCIENCE AND MATHEMATICS TEACHERS IN THE UNITED STATES 


It is estimated that there are almost 1.6 million elementary and secondary 
school teachers in public and private schools of the United States. Of these, 
almost 1 million are elementary school teachers; few if any of these teachers 
can be called science or mathematics teachers. Our system of elementary edu- 
cation, particularly at the lower grade, is such that in most cases elementary 
grade teachers teach all subjects. The amount of stress placed on the teaching 
of science and mathematics depends on the orientation of the school administra- 
tion and the competence of the teacher. 

Of the 600,000 high school (including junior high) teachers in the United 
States, about 150,000 are teaching courses in science or mathematics. About 
one-fifth of them teach both science and mathematics; about one-third teach 
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science but no mathematics and about two-fifths teach mathematics but no ge. 


ence. About half of the science and mathematics teachers devote full time to 
the teaching of these subjects. 


PREPARATION OF SECONDARY TEACHERS 


There are, of course, no national standards or preparation requirements for 
secondary-school teachers. In most cases the State and local jurisdictions cer- 
tify teachers and set other conditions of employment. 

The National Education Association also reported that about two-fifths of 
high school science teachers, and about three-fifths of high school mathematics 
teachers had taken fewer than 30 college semester hours of science and mathe- 
matics, respectively. 

Last year the Cooperative Committee on the Teaching of Science and Mathe 
matics of the American Association for the Advancement of Science issued a 
report in which it recommended that essentially one-half of the undergraduate 
course work of science and mathematics teachers be in science and mathematics, 
and that a half of this, in turn, should be in the specific field (say, physics) 
taught by the teacher. For example, it was recommended that: 

The high school teacher of biology take a total of 59 college semester hours 
of science and mathematics, broken down by 30 in biology, 23 in other sci- 
ences, and 6 of mathematics; 

the high school teacher of chemistry take a total of 59 college semester 
hours of science and mathematics, broken down by 28 in chemistry, 19 in 
other sciences, and 12 in mathematics: 

the high school teacher of physics take a total of 60 college semester 
hours of science and mathematics, broken down by 25 in physics, 22 in other 
sciences, and 13 in mathematics; 

the senior high school teacher of mathematics take a total of 48 college 
semester hours of mathematics and science, broken down by 30 in mathe 
matics and 18 in science; and 

the junior high school teacher of mathematic take a total of 36 college 
semester hours of mathematics and science, broken down by 24 in mathe 
matics and 12 in science. 

When the NEA data on preparation of teachers mentioned above are analyzed 
against the backdrop of the AAAS committee recommendations, it is found that 
at least two-fifths of the high school science teachers and one-half of the high 
school mathematics teachers do not meet the recommended minimum 
requirements. 

Currently, there are several programs aimed at improving the quality of the 
Nation’s elementary and secondary school teachers. Some are supported by the 
Federal Government, some by individual States, some by professional organiza- 
tions and some by teachers themselves. 

The following are examples of some of these items. 

There has been a widespread effort to enlist the cooperation of liberal arts 
staff members in planning teacher education programs and in formulating State 
certification requirements. 

There has been a great improvement and modernization in course content, 
much of which work has been supported by the National Science Foundation 
(such as that of the Physical Science Study Committee at the Massachusetts 
Institute of Technology, the School Mathematics Study Group at Yale Uni- 
versity, and others). 

There have been substantial programs for the supplementary training of teach- 
ers—e.g., the summer, academic year, and inservice institutes program of the 
National Science Foundation. 

There has been a movement toward the establishment of prerequisites for 
membership in professional associations. 

There has been a continual increase in the number of States enforcing the 
degree requirement for regular certification of beginning elementary teachers. 
In 1937 only 6 States were enforcing this requirement. As of July 1, 1959, 40 
States were so doing. As of 1960, all States are enforcing the minimum require 
ment of a bachelor degree for all high school teachers. 








SCIENCE AND MATHEMATICS TEACHERS IN THE U.S.8.R. 





Science and mathematics are taught as separate subjects by specialized teach- 
ers at grade 5 and above in the U.S.S.R. This earlier specialization and the 
greater emphasis on science and technical subjects require more teachers of 
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science and mathematics in the schools of general education than in this coun- 
try. An estimated 427,000 were so engaged in the academic year 1959, accord- 
ing to Soviet sources. 

Teacher training in the U.S.S.R. is now in the process of change in accord 
with the educational reform program. Secondary school teacher (grades 5-10) 
training is now expected to consist of 5 years of higher education, i.e., beyond 
the grade 10 or 11 levels of the general schools. This contrasts with a pre- 
yious level of 4 years beyond the 10-year school. Training is provided by teach- 
ers’ colleges (pedagogical institutes) and universities, 

About half of the science teachers now in service have completed full higher 
education training of 4—5 years. About 40 percent of them were trained in teach- 
ers’ institutes (probably many of them in the earlier 2-year training course) 
and the balance were otherwise trained, largely to the secondary school level 
only. The table below shows a percentage distribution of teachers according to 
training level and type of school. (See table 1.) 


TaBLE 1.—Percentage distribution of science and mathematics teachers by level 
of training and grade levels, 1959, U.S.S.R. 


Grades 5-7 Grades 8-10 


Subjects Higher | Insti- Higher | Insti- 
Total | educa-| tute Other | Total | educa-| tute 

tion | educa- tion | educa- 
tion i 


Tetal..... Ssheuaws 100 31 56 
unl ———S ——* 
Physics s 100 42 45 13 
POTOSI 6g nn anmedd doakiunouws 100 3 57 5 
-*hysics and mathematics 100 17 if 14 
Chemistry - 100 48 42 
Geography 100 5x 38 9 
Natural science ._- 100 36 51 
Geography and natural science --.--.-.- 100 17 7 12 








omer ee le 














Source; U.S.S.R. official publications. 


On the whole, the U.S.S.R. science teachers at the level equivalent to the U.S. 
senior high school appear well qualified. For the most part, they are trained 
at the level of higher education. 

Although the 5-year pedagogical institutes programs of teacher preparation 
include required courses in what might be termed “Marxism” (history of the 
Communist Party, dialectical and historical materialism, etc.) pedagogy, and 
classroom practice, the bulk of the programs consists of strong subject matter 
courses in the subjects to be taught. These are supplemented with some elec- 
tives, and these too are likely to be closely related to the major field. Below 
is a summary of a 5-year pedagogical institute program for prospective mathe- 
matics and physics teachers showing semester hours of instruction by general 
subject matter : 


Training courses for mathematics and physics teachers—U.S.S.R. Semester Percent 
hours 


Total 320 

Mathematics_........-.......... ae ue ie OE dn endonb howe 

nn ee hanna et 

Pedagogy, including teaching methods, psychology, ete_..-_--.- 

Technical, mechanical drawing, mechanics and ms achines, metals and ma- 
terials, shop practice..._... 

History of Communist Party, dialectical and historicé 4] mi iterialism, political 
economy 

Miscellaneous physical education, school hygiene, foreign language, etc-- 

Teaching practice 





118 weeks. 
Source: U.S.S.R. official publications. 


According to this program, nearly two-thirds of the 5-year training can be 
classified broadly as mathematics, physics, or related technical subjects. 
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Mr. Botanp. The challenge alone is not in the secondary schools, it 
is in the elementary schools also. This is the place w here we ought 
to give tremendous emphasis. The National Academy of Sciences put 
out a publication “Planet Earth.” I sent some of them to some high 
schools and grammar schools. The replies that came back indicated 
that they were well received by the children. Their enthusiasm has 
been touched. Their interest has been sparked. I think this is the 
place that you have to do it. I have been saying this for years; if we 
are going to have any love for mathematics or the more difficult fields 
this is something which has to be done for the dedicated teachers and 
the elementary schools. 





NUMBER OF SCIENCE TEACHERS LEAVING TEACHING PROFESSION 
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Mr. Jonas. Dr. Waterman, have you developed any statistics that 
will show the extent to which our secondary education teachers in the 
field of science are leaving the teaching profession ? 

Dr. WATERMAN. Yes, indeed. 

Mr. Jonas. What do they discover or disclose ? 

Dr. Waterman. In a recent year there were something like 3,600 
teachers fully trained for secondary school science. Only a little 
more than half of them actually took employment as teachers in the 
secondary schools. Being trained in science, many got better jobs, 
This left science teachers short by about 1,200 and required hiring a 
goodly number who were not fully qualified. 

Mr. Jonas. Is there any greater turnover in that field than in any 
other field of endeavor? We have a tremendous turnover in Govern- 
ment. 

Dr. Warerman. I do not know how to compare this because I do 
not know the figures for the others. 


ROLE OF NATIONAL SCIENCE FOUNDATION IN IMPROVEMENT OF PRIMARY, 
ELEMENTARY, AND SECONDARY SCHOOL CURRICULUMS 


Mr. Jonas. I have asked this question each year, I think—what 
efforts are you making with the State school commissions to induce 
them to beef up the curriculum in the primary, elementary, and sec- 
ondary school levels? 

Dr. Warerman. We do not deal with the State boards of education 
because this is the province of the Office of Education. Instead we 
deal directly with training centers such as colleges that will estab- 
lish summer institutes or in other ways help w ith these problems. 

Mr. Jonas. We have explored that before. We agreed that your 
act is broad enough to permit you to deal with that subject. with 
State school commissions. The conversation we hear in here each year 
is that our curriculum at the secondary and elementary level is not 
strong enough; that we ought to begin putting more emphasis on 
science at those lower levels. Yet what, if anything, is being done 
to try to stimulate an awareness of that problem where it counts— 
in the State capitals of the 50 States? 

Dr. Waterman. We are doing a great variety of things, a lot of 
them experimental, and those that succeed are expanded so as to make 
people, including school boards, aware of solutions to this problem. 
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We have visiting lecturers, traveling libraries, and a number of other 
programs which reach teachers and students at this level. 

Mr. Jonas. I understand all that. That is a part of your program. 
We have been trying to step it up each year, but I understand from 
the testimony we hear that nothing is being done about it at the State 
and local levels. That is where something has to be done. We can- 
not improve the quality of education at the top level, we have to start 
at the beginning now. It is somebody’s responsibility to bring these 
people together in regional conferences, or in State conferences, or in 
anational conference and talk it over to see what their ideas are and 
whether we cannot induce them to begin a program of strengthening 
these curriculums. 

Dr. Kertiy. We are concerned about this. We have adopted the 
principle that we should support the leading scholars in the field con- 
cerned with the curriculum to work with the high school teachers. 
They have for several years now been working on these and now have 
produced new textual material in physics and mathematics. Work is 
going on in biology and chemistry. We also make the assumption that 
the responsibility of developing interest in association with the State 
departments of education is the responsibility of the college or uni- 
versity to whom we are making the grant. This, I think, 1s turning 
out right. 

In your State of North Carolina, next month, I believe, there is a 
meeting to be held where the people from the State department of 
education and departments of education in the various colleges and 
universities have invited the leaders in physics and biology and mathe- 
matics. They are to report and determine how they can integrate the 
new curriculum into the school system. This is also happening in 
several other States. I just came back from Wisconsin and they are 
doing the same thing there. 

Mr. Jonas. All that is well and good. I still have difficulty in un- 
derstanding why, when you have these meetings, the members of this 
Board or some of your experts who are aware of this problem and 
who are familiar with the situation on the continent and who come in 
here and tell us we are falling behind in these fields and that the 
quality of education in some other country exceeds ours, what is to 
prevent you from going down there and giving the information you 
give us to the State school people. 

Dr. Ketiy. They have invited us, our efforts to improve the content 
of science courses has been limited to support of the research and ex- 
ploration stages—by supporting the development of texts, films, and 
laboratory apparatus by leading research scholars working jointly 
with able teachers. We do not support the production or distribution 
of these materials. If they are as good as we think they are, they will 
sell themselves. 

Mr. Jonas. We have been discussing this subject for several years 
now. Has any progress been made in the United States at the sec- 
ondary school level in increasing the quality of the school curriculum ? 
“tg WATERMAN. Yes, indeed. We have a very strong program in 
that. 

Mr. Jonas. How does it work? That is what I am talking about. 
What evidence do you have that it is succeeding, or improving? 
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Dr. WarTerRMAN. In these particular fields in the elementary schook} ™ 
and secondary schools (physics, chemistry, biology, and mathematics) | and 
we have an extensive program of what we call course content improve. } out. 
ment. For this we get together with the supervisors of the elementary LT 
schools and present this material to them. real 

Mr. Jonas. Yousay that we get together. rest 

Dr. Waterman. With the Foundation. We make grants to get ) 
these people together to discuss how the course can be. improved inf We 
content. We do this ver y extensively with the secondary school people, doi 

Mr. Jonas. Do you tell us there have been some results from those I 
efforts and course content has been improved ? tha 

Dr. WaterMAN. In this year’s program we are reaching something } wil 
like 2,500 teachers of science in the secondary schools. J 

Mr. Jonas. What I am hoping you are doing i is that in some of your | not 
conferences, and in some of your discussions with the people who }| mo 
decide upon the curriculum, that you are encouraging them and that | gre 
you can tell us that we are making some progress in improving the } int 
quality of course content at the secondary level. 

Dr. WarerMAN. All we feel we should do is to do what we can to | ow 
be sure science teaching is improved. We cannot very well tell them | we 
what to cut out. So, if you are talking about changing the entire | thi 
curriculum, that really is not our business. What we are trying to | to 
make sure of is that science is well taught, and that the mater ials are | Th 
available, and all that is necessary to improve its teaching. 

I would like to emphasize that there is great interest in the science } he 
and mathematics curricula on the part of local superintendents and . 
principals—this we see in their discussions at their national meet-] go 
ings—and especially on the part of the science and mathematics } 501 
teachers themselves. Many local school systems are at work now in | tic 
trying to improve their own curricular materials, and are taking ad- | th 
rantage of new materials from such projects as the ones we have 
supported as soon as they become available. I believe that a strong | to 
movement here has been started. It will take some time for the {pc 
changes to show up in the training of college students, but this is on] Ww! 
the way. The important thing now is to be certain that support for } «: 
these efforts is continued so that the momentum and enthusiasm will } sa 
not be lost. C0 

Mr. Jonas. I hope you will not be too squeamish about what your | di 
jurisdiction is. I would like to see some aggressive action taken and | in 
let somebody else question whether you have jurisdiction in that field. } d 

Mr. Yares. Jurisdiction over what ? O} 

Mr. Jonas. Education, stimulation and promotion of science, I 

Dr. Srrarron. I feel, Dr. Waterman, you should give a categorical } ti 
yes to Mr. Jonas’ question, though you are right the Foundation has | tl 
not gone in and said that you cannot do something. The Physical 
Science Study Committee has made a dramatic change in the second- 
ary school curriculum in physics. This is spreading to mathematics | st 
and science, and enormous progress has been made in showing what J ™ 
ean be done. Maybe this is not the final answer, but for about the | 
first time in our educational history there has been a break froma } 1 
traditional ene to something that is really new and worthwhile. | F 
I think that the National Science Foundation should take credit. C 


Mr. Bouanp. I think so too. 
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Mr. Tuomas. You have implemented that program now for 2 years 
and you either ought to take credit or you ought to throw the program 
out. 

Dr. Waterman. I intend to give a categorical answer. We are 
really doing a great deal for science teaching in all schools. The 
results are good. 

Mr. Jonas. I wanted the record to disclose some concrete results. 
We have a statement that we are making progress and that we are 
doing everything we can to stimulate that. 

Dr. Sears. I think the figures as to the number of high schools 
that the revised mathematics program is being tried out “next year 
will be very helpful in that connection. That is specific. 

Dr. Gross. I would agree with that. I would agree with you about 
not being too squeamish about who is doing it. The NSF needs to 
move into this and really tell the people that here is a program of 
sreat validity. I think Dr. Kelly in his program is moving strongly 
in the right direction. 

Rece ntly we heard, for example—and this happened locally in my 
own institution—a discussion of Russian scientific education. Now 
we have a changed attitude among our educators themselves toward 
this problem. I still agree with you we are going to have to continue 
to make an impact on this whether it is jur isdictional to NSF or not. 
That is my own feeling about it. 

Mr. Tuomas. We have another very distinguished Board member 
here who has not said a word, Dr. Volwiler. 

We want everybody to very carefully edit his remarks and we are 
going to lean very heavily on you, Dr. Kelly. We are going to print 
some five to ten thousand copies of the preliminary remarks, par- 
ticularly where you are dealing in the broad field of education and 
the comparison between U.S.S.R. and the United States. 

Dr. Votwiter. I have been listening with a great deal of interest 
to the comments and particularly to the questions, which are very im- 
portant leading ones. It has taken a great deal of time to m: ike some- 
what of a turnabout in this matter with the so-called progressive edu- 

cation being pretty much in control. I can support what has been 
said by the other members of the Board and what you men on the 
committee have brought out, that the Foundation has quite effectively 
directed its attention to the enc ouragement of basic education lead- 
ing to scientific careers. An effective start has been made. A great 
deal more needs to be done. It is not clear to what extent the co- 
operation of many influential people in education can be enlisted. 
I believe that the type of training for the teaching of science men- 
tioned by Dr. Waterman is going to be very important in furthering 
this trend. 

Mr. Tuomas. Dr. Waterman. 

Dr. Waterman. If I may I should like to conclude my opening 
statement. You remember, I spoke about the need that has developed 
more and more strongly for encouraging the strengthening and de- 
velopment of our educational and research institutions. We have in 
the past paid attention to the progress of science in a big way in the 
Federal Government. and the development of individuals that are con- 
cerned, but the institutions have found themselves with a lack of 
flexibility and difficulty in strengthening their overall scientific work 
on their own, which is one thing about which we are concerned. 
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With the idea of improving the flexibility of what an institutioy 

















can do in science, and to compensate for the support which is ear. D 
marked for a particular research project, even though some of theg § nins 
may be broad, what we want to institute is to provide from our r.} scie 
search fund in a lump sum to the president of the institution 5 percent | we 
of the actual grant money which has gone to the institution say for} the 
a year. This would be used by the president in any way he chooses} the 
with respect to scientific activities and not for indirect costs. sce 
It is a very simple thing to do. It does provide a degree of flexi- | and 
bility which is badly needed at the moment, and furthermore, this } find 
is an experiment that can be watched. We will have a report of 7 
what each does with it and see how it works. If it does not work, it ig | you 
a thing that can be stopped easily, or if successful it can be expanded | cow 
to some extent. This we would like to try as an experimental pro- } ‘i! 
gram. I 
You will notice that this would not change the distribution of | ad 
Foundation money at all because each institution would get money in } 0 
proportion to the grants which we make to them. So it does not } int 
change the distribution to the institutions in any way. \ 
Mr. Yates. May this be used for salaries of members of the staff? | se 
Dr. Waterman. Yes. It could be used as they see fit. We feel | pre 
that this is a badly needed move at the present time. It has the ap- } 12°! 
proval of other Federal agencies. This would be just in science. ] 
By way of summary, we believe thoroughly—and our Board is | M0 
unanimous in its views—that the Foundation is in position to render | in¢ 
a distinct and timely service to the country by the programs that ap- | Pe! 
pear in the budget request before you. We firmly believe that these } 
are “musts” in order to meet the urgency of the situation that we | We 
face. We feel we cannot jeopardize the future of the country by] | 
failing to provide support and encouragement along the lines which | 50 
we have indicated. scl 
Mr. Tuomas. Do any of the Board members have any observations 
to make? sol 
Dr. Sears. May I introduce a footnote? Ido not think we ought to | a 
feel any effort to improve science education for women is wasted re- 
gardless of whether they go into science as a career or not. My ob- | 
servation has been where mothers have some understanding of sci- }| kn 
ence it is a potent factor in interesting the next generation, so keep 
that in mind. de 
ste 

EMPHASIS ON QUALITY AND QUANTITY OF GRADUATE SCHOOLS . 

ue 

Dr. Revetue. I would like to introduce a caveat. I would like’to | ey 
get in one note of alarm. It seems to me that we must always keep in | at 
mind that we have to have a balanced educational program. You ] st 
do not make scientists in either the primary schools or the high schools. | ed 
You make them in the colleges and graduate schools. It does not } hc 
matter very much where a kid’s education starts. What is very im- | th 
portant is where it ends up. I am more disturbed about the quality | th 
and quantity of our graduate schools than I am about the quality and | {j 
quantity of our elementary schools, our elementary scientific endeavor. |}; 
Mr. Tuomas. You have to start them before they can get to that | J, 


university or the graduate school. 
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Dr. Revette. That is correct. You can have science teaching run- 
ning out of your ears in the high school and never produce a single 
scientist. You really have to do this at the graduate level. When 
we talk about the quantity of scientists, one way to judge it is by 
the number of Ph. D.’s turned out each year, because it is really only 
the Ph. D.’s who are capable, on the aver age, of doing independent 
scientific research, a man who has had the education and experience 
and has demonstrated the talent to do this extremely difficult job of 
finding out the truth. 

The fact of the case is you can practically count on the fingers of 
your two hands and toes of your feet the number of universities in this 
eountr y which are engaged in good research and which are turning out 
significant numbers of educated scientists. 

‘It seems to me this question of the support of our graduate schools 
and universities in scientific education should be given perhaps even 
more attention than the sort of background education that is required 
inthe elementary school and high school. 

Mr. Jonas. You say that only a Ph. D. is qualified to engage in re- 
sarch. I think the record will show that we have produced some 
pretty important scientific discoveries by people who never saw the 
inside of a graduate school. 

Dr. Reverie. That was certainly true in the past, but it is becoming 
more and more difficult, but certainly not impossible, because of the 
increased specialization and the increased level of knowledge and ex- 
perience that is required. 

Mr. Yates. It is not a fact that the people that Mr. Jonas speaks of 
were applied scientists rather than basic research scientists ? 

I think perh: aps he might have been referring to Thomas Edison, or 
some of the other inventors. I think they were primarily applied 
scientists. 

Dr. Reverie. Michael Farraday had little education and he made 
some very basic contributions to science. Michael Faraday without 
an education today would have great difficulty. 

Mr. Jonas. Because of a lack of opportunity ? 

Dr. Reverie. Not at all, because of the fact that you just need to 
know a lot and have to be in the environment of research. 

Mr. Troomas. We have had a great deal of discussion and a great 
deal of information provided here this morning. Is there any final 
statement you would like to make on the subject of education ? 

Dr. WarermMan. I would like to say only this. I fully agree with Dr. 
Revelle on the importance of graduate education, and we must do 
everything that we can to strengthen it. We must, nevertheless, look 
at the whole picture of science education and be sure that it is 
strengthened all along the way. While our situation with respect to 
education in the sciences and engineering is serious, it is by no means 
hopeless. We see the beginnings of a strong and positive response to 
the generally recognized need for improvement. It is a good thing 
that our educational process has been sharply criticized, and that solu- 
tions of many kinds and degrees have been proposed. Out of all this 
has come a general movement which we feel is in the right direction. 
In the areas which we have supported through our programs, for ex- 
ample, there has been a very positive response. Teachers are eager to 
improve their knowledge of science and mathematics and to incor- 
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porate this knowledge into their teaching programs. Schools and 
teachers wish to adopt better and more realistic course-content mate- 
rials as they are being produced as a result of our own efforts 
and others. Students at all levels appear to be responding. They 
are enrolling in science and mathematics and are eager to attain good 
academic standing. I do not wish to express a false note of optimism. 
It is important to e a asize that we have made an excellent start, but 
it is still only the begining. During these past few years we have 
found numerous effective ways to improve science education, and it is 
most important that the knowledge and experience gained be employed 
to maximum advantage, There are still other problems which we 
are just beginning to attack. One that we are thinking about now, 
for ex: umple, is the increasingly serious sale m of laboratory facilities 
and equipment in undergr: aduate teaching laboratories. 

Earlier this morning, Mr. Yates requested information on scientific 
personnel and training in the Soviet satellite countries. If it is satis- 
factory, we will submit some material on this topic as it relates to the 
Sino-Soviet bloc of nations and the free world. 

Mr. Tuomas. .That will be fine. 

(The information requested follows :) 


SCIENTIFIC AND TECHNiCAL PERSONNEL RESOURCES IN THE FREE WORLD 
AND Sino-Soviet Bioc? 


The comparative situations in the Sino-Soviet bloc and the major free world 
uations with respect to scientists and engineers may be briefly summarized in 
the following terms. The free world has currently a large base of trained 
scientific personnel resources; however, through concentrated and coordinated 
effort, the Soviet block is increasing its resources. The European countries of 
the free world, though having a lead in the beginning, are not moving as rapidly 
to expand as appears desirable. Communist China has within a few years 
achieved considerable progress in developing scientific manpower resources 
and can be expected to continue this effort. 

The scientific and technical personnel resources of the free world nations out- 
number these of the Sino-Soviet bloc countries by roughly one-third. Available 
data, which are greatly lacking in comparability as to time and concept, indicate 
in round numbers that the free world has an estimated 3 million scientists and 
engineers (about two-thirds engineers) and the Sino-Soviet bloc has an estimated 
total of 1,900,000 (more than two-thirds engineers). In general, these data in- 
clude all such personnel at the bachelor’s degree level or higher in the physical 
and life sciences (agricultural, biological, and medical) and engineers. Medical 
personnel engaged in care of patients are not included. Among the free world 
nations, the United States has the largest number, with about 30 percent of the 
scientists and over 40 percent of the engineers. In the Sino-Soviet bloc, the 
Soviet U nion has the preponderance with over 75 percent of the scientists and 
nearly 75 percent of the engineers. 

While the United States and U.S.S.R. possess by far the principal resources 
of scientific personnel in their respective groups, significant numbers are being 
trained in some of the other nations. In the free world, the United Kingdom 
is graduating about 20,000 scientists and engineers each year, France produces 
some nine to ten thousand, West Germany 15,000, and other nations, including 
Italy and Canada, are important contributors to the total. In the Sino-Soviet 


1 Free world nations are herein defined to include all those nations not specifically com- 
mitted to the Sino-Soviet bloc. For practical purposes, however, scientific and technical 
personnel resources and training are largely concentrated in a small number of them. 
These nations include the United States, United Kingdom, France, Federal Republics of 
Germany, Canada, Italy, Norway, Sweden, Denmark, Belgium, Netherlands, Greece, Switzer- 
land, Australia, New Zealand, India, Japan, and Israel. 

Sino-Soviet bloc nations include the US.S.R., Communist China, Bulgaria, Rumania, 
aeeety) Czechoslovakia, Poland, East Germany, North Korea, North Vietnam, and 

ania. 
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ploc, Communist China easily leads the satellites in the number of engineers being 
trained. Czechoslovakia, East Germany, and Poland are among the satellite 
countries with important training programs. 

It is difficult to find valid generalizations applicable to scientific and technical 
personnel resources in these two groups of nations. Each group contains coun- 
tries with greatly different traditions, resources, and outlook. Each group con- 
tains some nations strikingly akin to countries in the opposite group in terms of 
level of living, stage of industrialization, demographic composition, ete. 

One generalization, however, does appear true with respect to both groups of 
countries. This may be stated as a genera) belief that the future rests in the 
hands of those peoples who are able to learn the secrets of nature and apply 
them to the betterment of standards of living in the broadest sense of material 
goods, leisure time, cultural improvement, etc. Technology is conceived as the 
key which can unlock a storehouse of plenty for the alleviation of poverty, 
hunger, and disease. (At the same time its military implications are by no 
means forgotten.) Training the manpower which can make these dreams come 
true is assuming an importance heretofore unprecedented in all corners of the 
world. 

In general, the industrially advanced countries of the free world have well 
developed higher education systems. The scientific and engineering capabilities 
of such countries as the United Kingdom, France, West Germany, Canada, 
other NATO countries, and Japan are well recognized. However, few if any 
of these nations have been expanding training in science to the same extent as 
in the U.S.S.R., Communist China, and some of the satellite countries of the 
Sino-Soviet bloc. Among the major difficulties handicapping several of the 
free world countries are the reluctance to change the old tradition of providing 
a high quality training for an elite few; the financial problems attendant upon 
a very large expansion of the educational system to make training more gen- 
erally available to the population; and—in some cases—a cu'tural setting 
which still considers education in science and engineering to be less important 
than education in other areas—the classics, law, and medicine, for example. 
These countries have generally recognized their problems, and some specific 
efforts to meet their needs—including expansion of educational facilities—are 
underway in most of them. 

The less industrialized countries of the free world usually have no well 
developed systems for the training of scientists and engineers. Neither are 
there the facilities or the resources to develop them to any appreciable extent 
in many of the countries of Asia, Africa, and Latin-America. In many of these 
countries where youth of great intellectual potential are undoubtedly available 
for technical training, there does not even exist facilities or staff to provide 
adequate secondary school level instruction. In these countries the nature of 
the shortage of technically trained manpower frequently takes on a different 
character from that of the industrialized nations. Since their needs are largely 
developmental, serious shortages are more likely to be found in the skilled 
worker, technician, and engineer occupations than in the scientist categories. 
Progress in developing advanced levels of scientific and technical training in 
these countries will necessarily be slow, for it will have to be based upon strong 
and expanded educational systems at the elementary and secondary school 
levels. In the meantime, training given in the established free world univer- 
sities can be helpful in training a generation of scientists drawn from the 
newly developing countries who can return to be the teachers of the coming 
generation in their own countries. 

A somewhat different picture is shown in the Soviet bloc countries. Aside 
from the U.S.S.R., only Czechoslovakia, Poland, and East Germany were in 
the past relatively industrialized and therefore established producers of scienti- 
fic and technical personnel. Some of the others, notably Hungary, have pro- 
duced some eminent scientists. However, the Sino-Soviet bloc acts as a more 
homogeneous unit than the free world, on account of its unity in political action 
and coordinated effort to develop systematically its scientific resources. This 
coordination is clearly reflected in the hundreds of agreements, protocols, and 
conventions among these nations. It is in such agreements that much of the 
groundwork for developing the manpower resources of the bloc countries are 
laid. (Similar arrangements are sometimes made with nonbloc countries also.) 
Bloc countries have some problems similar to free world countries, including 
shortages of facilities, trained teachers, and experienced personnel. However, 
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their common effort appears to be making greater headway—at least numeri. 
cally—than that of many nonbloc countries. 

Red China in particular is developing an ambitious expansion in its engineer. 
ing resources. Presently, about one-third of its graduates of higher education 
are in engineering; within the past few years engineering graduations have 
averaged 20,000 annually. Today, the total number of professional graduate 
engineers in Red China is about 175,000. This represents a greater effort than 
that of any other nation except the United States and the U.S.S.R. The real 
nucleus of qualified scientists in Communist China is still an older group which 
was trained for the most part in Western countries; however, that country is 
now moving to train large numbers of scientists. It appears likely that the 
quality of the training of these new graduates, except for some trained in the 
U.S.S.R., is not currently as high as that of the older scientists. However, 
Canadian and other free world scientists, who have been recent visitors to 
Communist China, have commented on the apparent success of the mainland 
Chinese in improving all elements of their educational effort. 


Mr. Tuomas. Thank you, gentlemen. 
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